
.__ QC ARCHIVES― -1974_5
0FFICE COPY #1

ヽ

｀
ミ`ヽ 、

＼

刃
ｍ
＜
】
田
〓
　
∪
刃
＞
「
Ｈ

¨
　
　
２
０
Ｈ
　
「
Ｏ
刀
　
つ
⊂
”
Ｆ
【
０
＞
↓

】
Ｏ
Ｚ
　
Ｏ
刀
　
０

【
↓
＞
↓

【
Ｏ
Ｚ

＼

MONTANA ENERGY POLICY STUDY

ENVIRONMENTAL QUALITY COUNCIL

STAFF DRAFT REPORT

SEPTEMBER 16, I974

DANA HEADAPOHL MARTIN
RESEARCH C00RDINATOR

STATE OF MONTANA

ENVIRONMENTAL QUALITY COUNCIL

STATE CAPITOL

HELENA′  MONTANA

SENATOR ELMER FLYNN
CHAIRMAN

JOHN W・  REUSS
EXECUTIVE DlRECTOR

爆

L

暉

RESEARCH SUPPORTED BY FORD FOUNDAT10N GRANT NUMBER 730-0141

ノ

【
【
】
一

・・・



ハ

SENATE JOINT RESOLUTION 24
(March 3, '1973)

A JOINT RESOLUTION OF THE SENATE AND THE HOUSE OF REPRESENTATIVES OF THE STATE
OF MONTANA DiRECTING THE ENVIRONMENTAL QUALITY COUNCIL TO UNDERTAKE A STUDY,
MAKE RECOMMENDATIONS AND PROPOSE LEGISLATION CONCERNING THE DEVELOPMENT AND
IMPLEMENTATION OF A STATE ENERGY POLICY AS IT RELATES TO A OEVELOPING NATIONAL
ENERGY POLICY AND REQUESTING THE GOVERNOR TO DIRECT THE COAL TASK FORCE TO hlORK
liITH AND ADVISE THE ENVIRONMENTAL QUALITY COUNCIL.

WHEREAS, the legis'lative assembly recognizes a need for a state energy
policy to contribute and respond to a federal energy poricy, and
_ WHEREAS, a study of this need shou'ld carefully separate nationwide problems
from those that are matters for action at the statl leve'|, and

WHEREAS, there is a need to consider the ful'l range of possible energy
sources, optima'l efficiency, conservation of use, and administratjon and
regulation of the energy industry, and

WHEREAS, the environmenta'l qua'lity counci'l has received a private gpant
to make such a study as is described above, which is to relate to an ongoing
national energy policy study financed and conducted by the source of th6 private
grant, and

WHEREAS, sect'ion €9-6514 (f), R.C.M. 1947, makes it the duty of the execut'ive
director and staff of the environmenta'l quality council to make ind furnish such
studies, reports thereon and recommendations with respect to matters of po'licy
and legislation as the'legislative assembly requests, and

WHEREAS, the qovernor, actinq on the reconrnendation of the environmental
qual_ity councjl, created on August Z,1g7Z, an interaqency task force on coal
development to coordinate comprehensive planning incoiporiting cons'iclerat'ion of
the social, economic and environmental we]l-being of Montana people in present
and future generations.

!OU' II]IEREFORE, BE IT RESOLVED BY THE SENATE AND THE HOUSE OF REPRESENTATIVES OF
THE STATE OF MONTANA:

That the environmenta'l quality counc'il is hereby directed to undertake a
thorough study, prepare a report, make recommendations and propose legis'lation
concerning the development and imp'lementation of a state enbrgy polici as it
relates to a developing nationa'l energy policy.

BE IT FURTHER RES0LVED, that the governor is requested to d.irect the coal
task force to work with and advise the-environmental'quality council in con-
ducting a state energy policy study.

BE IT FURTHER RES0LVED, that the avowed purpose of this resolution is to
obtain a_comprehensive energy policy, togethei. with recommendations for necessary
supply of energy in a manner consonant with the preservation of environmental
va'lues_an! lhg_nrudent use of the state's air,'land, water and energy resources.

BE IT FURTHER RESOLVED, that copies of this resolution be delivLred to the
Honorable Thomas L. Judge, Governor of the State of Montana; to the Honorab'le
Mike Mansfield and Lee Metca'lf, United States Senators from the State of Montana,
the Honorable John Melcher and Richard Shoup, Congressmen from the State of
Montana and to the Honorable Rogers Morton, Secretary of Interior of the United
States, to the presidential Counsellor for natural resources and to the Montana
coal task force.
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I.  INTRODUCT10N

The "energy crisis" of .l973 brought to public attention what had been known

for some time by a few specialists -- that we can no'longer take for granted the

unljmited supoly and unrestricted consumption of energy. The nation and the states

have come to the realjzation that there should be more careful energy plann'ing.

Cont'inuat'ion of unnecessary, uneconomical, and inefficient uses of energy can no

longer be tolerated.

0f part'icular concern to Montana is the development of western coal resources.

Some Montanans fear that Montana will bear all the environmental costs of energy

extract'ion and convers'ion for the region wjthout rece'iv'ing commensurate benefits.

The Energy Policy Study examines the jssues involved in the question of coal

development, the need for environmental protection, and the need for adequate

suppfies of energy to protect the health and safety, promote the general welfare,

to assure continued economic stability.

The main objective of the Energy Policy Study is to encourage careful treat-

ment of the envjronment within the framework of economic activity. (The greatest

reduction of damage could be achieved by a complete shutdown of industrjal and

commercjal act'iv'ity; obviously this is not a viable alternative. people will
probably not be grateful for measures which protect their environment at the ex-

pense of thejr jobs. )

Because energy 'issues are very controvers'ial , it is difficult to make recom-

mendat'ions which will reflect the views of all 'interested parties. The Environmental

Qual ity Council's recommendations are fundamentally weighted toward envjronmental

protect'ion. EQC arose from the Montana Environmental Protect'ion Act whjch declares

tha t

"it is the continuing policy of the state of Montana, in co-operat'ion
wjth the federal government and local governments, and other concerned
public and private organizations, to use all practicable means and
measures, including financial and technical assistance, in a manner

⌒
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calculated to foster and promote the general welfare, to create and main-
tain conditions under which man and nature can coexist in productive harmony,
and fulfill the social, economic, and other requirements of present and
future generations of Montanans.

(a) In order to camy out the policy set forth in thjs act, it is
the continuing responsibility of the state of Montana to use all practicable
means, cons'istent with other essential considerations of state policy, to
improve and co-ordinate state p1ans, functions, programs, and resources
to the end that the state may --

(l) fulfill the responsib'ilities of each generation as trustee of
the environment for succeeding generations;

(2) assure for all Montanans safe, healthful, productive, and estheti-
ca11y and culturally pleasing surroundings;

(3) attain the widest range of benefic'ial uses of the environment
without degradation, risk to health or safety, or other undesirable and
un'i ntended consequences ;

(4) preserve 'important hjstoric, cultural, and natural aspects of our
unique heritage, and maintain, wherever poss'ible, an environment which sup-
ports divers'ity, and variety of individual choice;

(5) achieve a balance between population and resource use which will
permit h'igh standards of living and a wide sharing of life's amenities; and

(6) enhance the quality of renewable resources and approach the
maxjmum attainable recycf ing of depletab'le resources.

(b) The legislative assembly recognizes that each person shall be
entitled to a healthful envjronment and that each person has a respons'i-
bil'ity to contribute to the preservation and enhancement of the envjron-
ment. "

This is our perspective and the recommendations ought to be viewed wjth thjs'in
mi nd.

The Energy Policy Study consists of the following sections:

l. Inventory of the alternative energy sources ava'ilable to the state with

a discussion of alternative methods of extract'ion or conversion and associated

environmental costs.

2. Summary of current consumption by end use sectors and possible conserva-

tion measures for those sectors.

3. Discussion of the energy consumption jn the next decade in Montana arrd

the United States and factors which contribute to the uncertainty about the energy

‐
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outl ook.

4. Summary of major state and federal regulatory agency activ'ities.
5. Recommendations based on Montana's energy picture



II. Findings and Recommendations

Standard of Living and Life Style--Findings

1. l{hen considering energy or land-use policy recommenriations vrhich might

have the effect of changing life styles, it rnust be remenbered that an

ever increasing higher standard of living measrrrerl by per capiia income

does no; necessarily lead to a higher quality of life. A higher per

capita income implies more and more consumption of material and ener€Iy

nhich in turn usually mearrs more air, waber, and land pollution. This

is not to say, however, bhat a higher standard of living must incur

greater environmental costs. Iriith stringent environmental safepgards

and improved pollution technology, it may be possible to improve both

the standard of living and environmental quality. For example, if the

economi-ca1 conversion of solar energy into electricity is achieved an

abund.antr relatively clean source of energy would be available with

minimun en.rironrnental and social cost.

2. Through recycling and use of renewable resources we might be able to

have sufficient materials at our disposal r^rithout imposin6 unacceptable

depletion of finite resources. 'r,/e should not continue to increase

consumption of materials and energy at a-n uncontrolled rate, counting

on neh, technology to bair us out. w"I;:'.ili;fr* environmental problems

associated with production and consumption of materials and energy can

not be solved through technological advances.-. 4 policy of making

maximum use of renewable and recyclable materials and energ-y sources

may mitigate some of the environmental problems associated rvith consurnp-

tion and production of materra.Is and energy.

David Freenan in his recent book Sgggg surnmarizes the situa,tion uell-:

rrlhe ene:'gy nolicy issue, tiren, is fundarnental , demanrlinq thal;

，
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'/,'e reasses our definition of 'growthr, our criterea of indivlCual
and collective well-being ard even our icleal of the American wa1'
of life. l'lany times in our history we have changed, adjusted ani
maturedl €ln€xg'i19 stronger. No'o we are entering another time of
change, arrother iest of our intelligence and maturity.

$ study of energy policy has Ied me to the most clifficult and
trcublesome conclusions: That the United States economJr rmst undergo
fundamental restructuring in order to balance our energy budget.tt

3. The extent to which technology is developed depends upon how much money

is allocated to energy research, and the priority different t34pes of

research receives. There isnrt agreement as to what those priorities
should be, although there is general agreement bhat much more money

should be spent on energy research. Past research has focused somewhat

narrowly on the development of coal to solve energy problems in the.

short and medium runt and nuclear energy to supply energ'y for gre long

run. This seems to be a rather ristcy investment: both of these energ"y

sources are finite and have numberous environmental problems associated

with their extraction, conversion and. use. ',ile are counting on using

ener6y savings (fossil fuels) rather than using energy income in the

form of rene',vabre sources such as solar and wind energy.

Standard of Living and Life Style--Recomrnend.ations

The recommendations in this ener6ry policy are not intended bo cause life st;r1e

changes, although j.t seems inevitable that our life styles will change. Condj_tions

around us are in constant flux; if we are to be a viable society, our lifestyles
must r.eflect adaptation to changes.

As the Montar:a ener€ly policy is reviseil and evolves to reflect chanqes in the

international, national, regional, and state energ-y and environmental situation,
there may be policy recommendations which affect lifestyle. fhe public must be

made fuIIy aware of the lifestyle changes proposed, (e.g. limits on material or

energ"y consumpt ion ) .



Pricing--Fiudings

The fulr cost of the economic activity such aE energ.y ,

consumption should be accounted for in its price, including

6

development and

the cost of using \/

common property resources.

A11 previously rrexternaltr environmental, social, or economic and/or benefits

of the extraction, conversion in processing, transportation and use of energy

resources should be reflected in the market price of energy. (Externalities

are those benefits or costs to a third party which are not incorporated into

the economic producer cost or consumer price.)

Costs of environmental degradation, especially long-term effects, have been

largely ignored in the past. To some extent, our use of energy has been sub-

sidized; future citizens will have to pay for the cunmlative and long-term effects
of energy development and use.

Clearlyr it will not be easy to assign do1lar and cent figures to such

external costs- It is extremely difficult to agree upon such costs. For exanple, -
the value one person places upon clean air may be much higher than its value to
another person. Therefore, assigning a money value to externalities will have to
be somewhat arbitrary. However, an attempt mrst be made to assign some reasonable

value.

There is need for research on the effect of current pricing policies on

energy consumption. The extent to which price increases decrease demand (prices

demand erasticity) is not altogether c1ear. Certainly wasteful energ.y consumption

should decrease considerabry with rising prices; more necessary energy uses wirl
probably not decrease much (For further discussion of price_demand elasticity,
see section on Energy Consumption).

some price changes are inevitable due to higher erploration, extraction.
and production costs because of more expensive materials, rabor and environmental

conirols' The additional price chaages resulting from possible rate resimcturinryr-
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or nev/ taxation oolicies rust be brought about in a careful and non-disruptive

manner.

Pri cing--Re commendat ions

1. The rrcosttr of the water used in a:ry type of energy conversion

facility rmrst be reflected i.n the price of that energ"y source.

lrrater is a limited and valuable resource and should not be consumed

as a free comnodity.

2" A pollution ta:< should be implemented to include the cost of pollution

in the price of energy.

ラ. A plan for assuring adequate commrnity and. social services for coal

development regions should be forrmlated to cover both long-term

permanent growth as well as peak construction trboomtr growth. The

plan might j.nclude prepaJnnent of corporate taxes in the form of a

tax credit.

System--f indings

current fossil fuel ta:c system is neither simply designed nor con-

sistent anong the three important fossil fueIs.

The Net Proceeds Tax as a revenue source is unnecessarily complex

and unpredictable.

under certain circumstances energy resource tax receipts are in-

adequate in quaatity and not available when needed to compensate for

environmental and social costs on society caused by energy development.

Syst em--Re comnendat ions

combine Net Proceeds Tax, oil Producers License Ta:<, strip cm.I Mines

License Taxr Natural Gas Distributors License Ta:<, and oi1 and Gas

Conservation License Ta:<--a11 iuto two ta:ces: one based on g?oss

value and one ta:cing BTU coatent of energy sources.

Taxation

1.

Taxation

1.

2.

う.
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2' Incorporate into the proposed tax system a flexible proced.ure

for distributing the tac receipts to the local counties and school

districts where energy developnent is taking place.

3' rnvestigate the feasibility of forecasted corporate property taxes

to make the revenue availabLe as needed to defray local- costs

associated with energ.y development.

Taxation on BTU Consumptioa--Fiudings

A tax on the use of BTUs.at the point of consumption might serve to more

fuIIy equate the price of energy with the furr costs of supplying it.
A reduction of growth of energy demand might be achieved while at the

same time increasiag state revenues needed to solve energy rel-ated problems,

by levying a ta:r based upon EIUs consuned at each point of consumption. This
ta:< would apply to all energy used. An energy tax of this sort vrould pronote

energy conservatiou by raising prices while preserving econonic freedon of choice
and would raise revenue for energy research.

A recent report from the Center for Advanced computation at the university
of rllinois has estimated the potential impact on consumers of a 2o cents per
million BTU tax levied on ener8y consunption. The totar burden including pass-
throughs by industry and comrherce is approximatery sf5.oo per person per year
at 1963 energy consumption Ievels and prices. rn fairuess, Iow income families
might be given a flat per capita state income tax deduction because there exists
a trsubsistence levelfr of er,ergy use.

Taration on BTU Consumption--Recomnendations

That the state investigate the feasibility of a tax on the BTU-consumption

of energy and its effects on energ:y consunption by residential, industriar anci

commercial consumers.

The tax on BTU consumption shourd not discrininate against one tl4pe of fuel
r:se or another' This would be a workable substitute until rrfurl-costing,

taxation is accepted alxd economically rvorkable. The BTU tax vrourd provide revenues
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to solve social ald environmental problems associated with energy lroduction

and eonsumption, research on elean energ"y sources, conservation in bui-Iding

techniques and industrial processes.

Emissions Ta:<--Findings

Direct regulation of pollution from energy development would force

retention of the environmental costs within the development only if all air

and rvater quality standards are net. lnlhether these standards are met depends

on:

1. Administrative and. judicial concensus on a scientific basis of

standards.

2. The strength of enforcement provisions in the event of violations

of standards.

3. Agency manpor,rer, attitudes and budget to enforce the 1aw.

A basic economic inefficiency in this system is the lack of readily identi-

fiable economic incentives to abate po3-lution (particularly when pollution results

from control inefficiencies or lingers because standards are met. )

Emmissi ons Tax--Re commendat ion

A mixed strategy is recommended, one combining ilirect regulation and a ta:<

on pollution. Critical 1eve1s of pollution would be defined, beyond which

pollution would be ta:ced severely. A fines system would be appropriate while

administrative and judicial clarifications are made. Ta:<es might be levied against

all forms of pollution, significant or not, to impress that aII pollution has

some environmental cost (degradation). pollution caused. by inefficiencies or

accidents also would be ta:ced.

The taxing scale should vary with poJ-lution, being severe enough at all levels

to encourage realistic cleanup efforts. Ttre tar would be a part of existing

pollution regulatory systems.
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Life-Cycle Costing--Findings

I. The private sector shouLd consider life-cyc1e costing in its

appraisal and financing processes. (Life-cycle costing looks at

the costs of a particular building from the perspective of owning

and operating costs over the life of the building or system in

addition to looking at initial capital costs involved.)

2. Today there is Little incentive on the part of the building industry

to consider life-cycle costs as their profits are determined sole1y

by construction costs anct selling price. Coranercial building owners

would be uninterested in life-cycle costs if they merely passed on the

utility bills to the renters. Homeowners would not necessarily care

about life-cyc1e costs if they did not plan to own their home any

length of time.

Li f e -Cyc1e Cost ing--Re conmendat ion

Built-in constraints could be overcome if life-cyc1e costing became an

integral consideration of banks for aew constnrction loans or a parb of the

appraisal process for setting narket prices on existing buildings.

Land Use--Findings

The patterns of land developnent in Montana will greatly affect consumption.

The continued growth of sprawling and distant cities will require considerable

energy for transportation.

Land Use--Recommendation

The long-term efficient use of Montlnar6 energy resources compatible with

the maintenance of high environmental quality would obtain by compliance with

comprehensive and detailed land-use p1an. It may be desirable to set aside

areas rich in energy resources for future development, making them available

both before ald after development for other uses. This might be a wa.lr of

assurinq futrrre energy supplies for Montarra.
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Coal--Eindings

1. The development of t{ontana coal is significantly changing the

environment, economy and social structure of eastern Montana.

?. Coal development may conflict vrith agriculture on several counts.

l4ine-mouth coal conversion (to electricity, gas, oi1) requires large

amounts of water. Coal is found in a dry area where irrigation clemands

are increasing. It is unclear how available water might be allocateri

aJnong conflicting uses: agricurture, industry, municipal suppries,

recreation and maintenance of fish and wildlife values. siting of

mines, power plants, pipelinesl rail spurs and transmission lines all
may conflict with present agricultural productivity and future growth.

Montana coal has two futures: shipment to market for export and utility
consumption elsewherer or conversion at the mine mouth to electricity
and synthetic natural gas. The market for exported coal rnay er-oand

to the point vrhere costs of long-term production and transportation to

market meet the costs of desulfurizing eastern coa1. In-state market

vrould remain even if desulfurization proved economic because sulfur-in-
coal is not a major coneideration in gasification.

Prices of western coal probably cannot support the true and complete costs

of its mine-mouth developnent. These costs includ.e foreclosure of

significant agricultural erpansion, dismption of rural commrnities,

water suppliesr schoors and governments, and implicit commitment to

and tacit approval of a wasteful energy policy.

Reclamation of strip-mined land remains doubtful in many area^q targeted

for mining d.evelopnent. Adequate Cemonstration of both technique and

successare lackingr especially on land. with alkaline soiLs.

う.
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CoaL--Re commendat ions

1. Montana should apply existing laws to minimize environmental

impacts of energy extraction, prohibit mining in areas where

reclanation is not possibJ.e using known procedureq or as required

by lawt and minimize economic disLocation of communities. The

Strip Mine Siting ancl Strip Mining and Reclanation Act should be

vigorously administered.

2. Ttre Legislature should debate and thoroughly examine basic coal

policy statement that would limit coal production to that destined

for export from the state and encourage energy developments only

to meet the need.s of Montanars citizens.

V

V

V
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r.iac--Findinqs

I'latural gas is the cleanestt mosb versitile and effici-ent fossil ruel.

Natural gas is a scarce fuel.

The price of natural gas has been held artificially 1ow by pederal

reguration of the wellhead pr:ice, encouraging over-consumption.

current gas rates encourage consumption of natural gas.

Montana is dependent upon Canadian natural gas supplies although the

state has substantial gas reserves.

Some Montana gas is exported.

Industries and other large users asking for new natural gas contracts

are being turned down by utilities.

Gas--Recommendations

The state should encourage the exploration for natural gas, particularly
for the development of Montana reserves to be made available to Montana

8as consumers. This does not mean that the state shoulrl encourage the

use of natural gas however.

The state should support controlled federal deregulation of wellhead

prices both to provide incentive for exploration and production of

natural gas and arso to alIour the price of natural gas to rise to a

competitive leveI with other fossil fuels on a BTU basis. The deregu-

lation of wellhead prices should be coupled with a provision that any

additional profits resulting from the deregulation be used for the

development of new reserves (as long as the energ'y expended for secondary

and tertiary recovery does not exceed the energy extracted), and gasi-

fication research (with particular attention paid to such problems as

adverse environmental and social impacts, the conflict for water an6

land with agriculture). Prices are expected to rise rvith the controlled

2。
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deregr:.Iation of gas prices, havi.ng a dampening effect upon demand

(the amount of conservation depending upon the price elasticities
of the varj-ous gas-consltming sectors).

,. The public Service Commission(psc) ehould thoroughly analyze gas

rate structures with special attention paid to +-he follovring:

&. The necessity to conserve natural gas which ls the cleanest

and most scarce fossil fueI.

b. Insuring an adequate suppl-y of natural gas for residential

and other high priority users.

c. Cost of service to users.

d. The possibility of large industrial gas users converbing to a

more abundant source of fuel (e.g. coal).

4. Gas utilities should be encouraged to sencl out gas conservation j.nfor-

mation sheets rvith their monthly bills.

Alternative Energy Sources--Findings

1. Of alternative energy systems there is little incenti.re to purchase

or operate due to the relatively high cost.

2. There is enough waste generated by cattle on feedlots within a raCius of

20 mires arounc Billings to produce enough methane to supply 25% of the

Bird Plant natural gas requirement in Billings.l In addition to production

of methaner utilization of the vrastes for this purpose would alleviate

the severe feedlot waste disposal problem plaguing the feerilots, and the

sludge by-product would provide'a source of fertilizer (which is in sho:."u

supply in Montana).

t. fnformation on solar radiation insolation rates in Montana indicated that

soiar energy could be used as an auxilliary heating source.
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ALt ernat ive .rinergy Sources--Recomnendat ions

1. Tax incentives should be offered to home owners inst'alline luxill rnr,

solar ireaiing systens (fn:.s woulcl be especially helpful for homes in

rural regions relying upon fuel sources in low supply), wind pov/er

systems and other methane generators.

2. The feasibility of a protot3pe methane converter run on feedlot wastes

arouaC Billings should be investi-gated.

Economic Grorvth and lndustry--Objective

Economic growth should be gricled along a path consistanb with policies

designed to improve the environment. Sectors that impose minj-mum stress on

the environment should be encouraged; those that impose severe stree shoukl be

discouraged.

Economic Growth and Industry--Findings

1. Because of cheap abundant enerey, energy-intensive industries have

located in Montana in the past, sometimes resulting in environmental

degradatioa.

strictr but no unreasonable, porrution controls and hieher energy

prices would have the effect of altering energy-intensive and heavily

polluting industries to Montaaa, but might make it more attractive to

lightr clean industries. The extent to which industries vrould be en-

couraged or discouraged from locating in Montana u,ould depend upon the

pollution and ener6qy policies of the region and nation, if sumounding

states or the nation had laxer regulation, energy-intensive industries

vrould be drawn to those states; conversely, if Montanars regurations

are less stringent and energy prices are lower than in other states,

heavy industry would find Montana attractive (as it has in the past).

There is room for improvement of the efficiency of industrial energ.v

use.

2.

２
ノ
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Economic Growth and Industry--Recommend.ations

1- Montana should adopt a policy of encouraging, those industries which

are lovr polluters and energy users. This policy would have the t,aofolci

effect of encouraging economic growth while minimizing environmental

degradation.

The state might provide investment tax credits for industries nur-

chasing energy-saving capitol equipment (e.g. heat recovery ecluipment

for industrial furnaces, more efficient machinery, furnace insulation,

etc.). In addition, utilities might be encouraged to cooperate with

the state and lending institutions to provide low-cost loans io industry

for purchasing eneruy-savi.ng equipment.

'5. Montana should also encourage a gradual trend away from ihe industrial

use of scarce rnaterials and increasingly large amounts of energy to

consunption of material and fuel in a manner more compatible to environ-

mental quality. This shift would not result in economic dismption if

it ',vere done slowly and carefully.

Resid ent ial Energy--Findings

L. About a third of Montanars energy is used by the residential and. com-

nercial sectorl most of the energy is used for space heating and cooling.

2. There are considerable energy-saving potentials in the residential and

2。

comnercial sectors.

i. Lighting standards can be set at

4. Heat loss could be substantially

Resident iaI Energy--Recommendat ions

lower leveIs with no adverse effects.

reduced for buildings.

1. fhere are different ways the state might assist building anri heneeimeril

to improve the insulation efficiency of nerv and existing structures.

llile st;rbe could al1ow state income tax deductions for the partial or

iull cost oi installing energy-saving devices such as electric heat
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pumps, attj,c fans, insulation, double-paned gIass, treather strippingt

storm Coors and windows a.:rd sola.r collecting systems.

The state might ask that utilj-ties investigate the feasibility of

supplying lor+-interest loans to homeowners (for energy-saving devices)

which would be prorated and repayable with the monthly utility bill

and the possibility of initiating regtrlar furnace maintenance schedules.

2. fhe state should encourage utilities to investigate the feasibility

of installing resid.ential or industrial- electric heat sinks rvhich are

charged during off-peak hours and release their heat during the day,

thereby lowering long-lrn energy costs by reducing peak demand. Industrial

heat sinks might also be used to store waste heat from industrial proces-

ses. Perhaps the state could offer ta:< incentives for the installation

of such devices as they are expensive to instaII.

i. New standards for lighting Ievels in schools and public buildings should

be set.

Transportation and Petroleum--Findings

1. There is great potential for improvement in inter-city freight and

passenger traasportation systems (especially rail systens).

2. There is ver1,' 1itt1e consideration of energ'y included in state trans-

portation planning.

1. The transportation sector in Montana currently consumes betweet 25% aad

3Al of the total energy used in the state. Recently, the national and

state trend has been away from the more energ'y-efficient modes of

transportation. Ehe prinary mode of transportation in the state is

automobiles which vary widely in efficiency.

Transportation and Petroleum--Recommendations

I. The state should begin to develop an energy-environment oriente<l trans-

portation policy rvhich includ.es consideration of energ"y costs in highr.ray

and transportation pIap11rr*.
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2- An effort should be made to increase the efficiency and attractiveness

of public transportation for both inter-city and intra-city travel,

including the improvement of the Amtrak train service. More people

might use these energy-efficient forms of transportation if they were

mad.e more attractive and convenient.

3. The feasibility of changing current yearly vehicLe tax from a market

value base to a base reflecting auto horsepower, weight, or some other

measure of auto efficiency, should be investigated as an economic in-

centi-ve to own and operate more efficient autos. Other incentives

might include levying gasoline mileage tax on the initial purchase

of new cars. (The less efficient the car, the higher the tax vroulcl be.)

Gas mileage information should be required to be shown on the price tag

of new cars i-n an attempt to make consumers aware of energy consumption

tradeoffs associated with each car considered.

4. The State Motor Pool should continue to replace large inefficient vehrcles

with smaller more efficient ores. In addition, car pooling and conducting \-/

state business by phone rather than by travel should be encouraged.

Geothermal Energy--Findings

Geothermal energy is not without environmental impacts. Among the potential

problems are surface subsidence, waste water containing large amounts of carbonates,

sulfatesr and silicates, emissions of hydrogen sulfide gas, land disturbanee from

pipelines if the energy is used directly, and the environmental irnpacts associated

with electrical generation and transmission if the geothermal energ'y i-s beinr:

converted to electriciiy.

Geothermal Energy--Re commendat ions

A11 geothermal developers in Monta:ra should be recluired to comoly with exis+i-'r

environntental legislation and to prepare a plan designed to minimize environmental

impacts and to meet environmental regulation (e.g. air and water pollution standards)
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coordination of staie, Regional and National policies--Findines

There is a need to coordinate state, regionar and nationar energJr pol.lcies.
Presentlyr energy pol-icy decisions are being made on a piecemeal basis r,rith
littre or no coordi-nation. c\meut stut.e, regional and national poricy ef forts
are duplicated, inconsistentr alrd divergent. An agency may encourage an activity
which another agency discourages.

Coordination of State, Regional and National policies--Reconmendations

1' State policies for transportation, energy, land use, growth, and

environment- must be consistant.

2' The state must make an effort to establish a dialogue on state-regional

and state-national energy policy conflicts.
Revising the State Ener6ry policy_-Findlings

Energy conditions are constantly changing.

Revising the state Enerry Folicy--Recommendations

An energy policy must be flexible enough to accomnodate chan51e. The following
is an outline of steps for the revision of current energy policies:

I. Energy information gathering and aaalysing.

2. Program review of agencies to determine compatibility with current poLicy.

1. Reassessment of current poLicy to determine if it is consistent with

cumeut energy informatiou developments and agency policies.

4- tentative update of policy attempting to coordinate energy poli.cy with

land use transportation, water and other state policies.

5. Public hearings, surveysr etc. to assess public reaction to current policy

and proposed changes.

5. Critique of policy by state agencies.

7. Develop energy policy recomnendations for the legislature.
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III.  TOttAL ENERGY FLOW IN MONTANA

This section briefly outlines energy consumption and production in Montana.

Figure I shows the state energy flow for 197J-.

As Table I shows, coal aad petroleum together account for 73.9 per cent

of Montanars energy production. Hydroelectric power provides about one-fifth

of the staters energy production. Natural gas is only 5.5 per cent of total

eoergy production and is not enough to meet the state's own natural needs.

Table I does aot include wood and wood wastes burned for fuel in some in-

dustries and homes of the state.

Table II presents the total energy consumption for the state. Coal is a

much smaller part of energy consumption than of energy production because mrch

coa1isexportedtoMidwestuti1ities.Largeamountsofpetro1eumandsomeof

the electricity produced in the state alsoare exported. Canadian natural gas

imports make up the gap between demand and supply of this much desired fuel. \/

This energ'y picture does not include biological energy flow such as the use of

solar energy by agriculture to produce fuel.
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Energy Source        Energy (Tri■ ■ion BTU)

TABLE 工

MONTANA TOTAL GROSS ENERGI PRODUCTION9 1971
(Tri■■ion BTIIS)

■7ラ 。8

196。 9

うう。7

98。 3

5o4.7

Per cent of Total

3年。9

う9.0

6。 6

■9.0

100。 0

Coal

Petroleun

Natural Ga.s

Hydropower

sources u.s. Dept. of rnterior, Btrreau of Mines, rru.s. Energy Factsrt, l9?!

and Mineral Industry Surveysr 1971.
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⌒

Enertt Source

Coal

Househo■d ,

Industria■

Electr■ ca■

and commercial

Creneration

Natural Gas

Household aad comnercial

Industrial

Transportation

Electrical Generation

P-!rorSgg

Household and Commercial

Industrial

Transportation

Miscellaneous

TABLE 工工

MONrAM T∝ ALF翌
監 Ⅷ :「

I°N,1971

唾          Per Cent of TOtal

ラ.7

■。■

17.4
22。 2

42。う

50。5

1。 0

22。4

■ラ.■

76。 4

25.6
■37。う

6。 3

26。 7

・
。
．

雨

ぅ8.9

Evdropower

ElectricaL Generation 28.■

1∞。0

Source: U.S. Dept. of Interior, Bureau of Mines Mineral Industry Surveys
and U.S. Energy Facts, 1971.

上理

⌒
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Definit'ions and Conversion Factors

Kjlowatt-hour (Kwh)-The amount of energy used in I hour by a load .l.000 
watts.

Brit'ish Thermal Unit (BTU)-The amount of energy required to make one pound of water

1"F, warmer.

Therm-0ne therm of natural gas contains .l05 
BTU of energy.

Kilowatt (kwe)-.l03 watts electrical energy.

Megawatt (ltwe)-.l06 watts electrical energy.

Mill'ion BPD (MBPD)-.l06 barrels per day oi1.

Mjll ion TPY (MTPY)-tO0 tons per year so1 ids (coal ).

Billion CFD (BCFD)-.l09 cub'ic feet per day.

Acre-foot-one acre-foot of water equals 43,560 cubic feet.

Barrel (bbl)-one barrel equals 42 gallons.

Energy Form

Petrol eum

Crude oil

Sti I I gas

Liquif ied petroleum gas

Motor and aviation gasof ine

Jet fuel (naphtha type)

Jet fuel (kerosene type)

Kerosene

Distillate fuel oil

Resi dual f ue'l oi I

Asphalt and road oil

Petroleum products

llatural gas

i'latural gas liqu'ids

l,lood

BttU Content

5.8 x 1s67tub.l

I 500/cubic foot

4.ot x to6/t bbt

s.25 X rO6/r bbt

5.36 X tO6/t bbt

5.67 X tO6/t bbt

s.67 X tr6/t bbt

5.83 X rO6/r bbt

6.29 X tO6/r bbt

6.64 X tO6/t bbt

5. 52 X I O6l t bbt (we.ight

I 07 5/cub'i c f oot

4.4 X 106/t bbt

14 x 106/ cord

average )
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Energy Form (cont. ) BTU Content

Geothermal                               +10,000/kwh

Nuclear                                  ::: I I:://1 

ユ|♀ :g‖:ini:Icl。 :3,uol (2.5% enriched
U02)

Electricity                               341 3/kwh

Hydro                                     l,00♀

03,r:f:::lelcI:O f°
°t drop = 2.35 kwh

(at

lalCf85'° :lf:[i:i:;, X 100 foot drop = lo3.O kwh

⌒

⌒
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IVo  ECONOMIC IMPACT OF ENERGY DEVELOPMEil丁

This study does not present independent quantitative analyses

of the economic inri.>acts of energy clevelopment. There are uni-

versity and governnrent research efforts underway on the economic

irnpact of coal development in eastern l.lontana, sonle results of

vrlrich are incorporated in the Department of Natural l.esources

environmental staternents on Colstrip Units No. J ancl No. 4.

[]ecausc tlie economic data is being rleveloped clser,:here,

this study presents categories that should be incluclerl irr any

econon;ic analysis of I',ontana energy development. l'he accuracy

of any such analysis will Cepend on the validity of assunil:tions

c'oncerning:

I. 'l'lre nlilr(:'"r)itutle ancl tyl>e of tlevelolrnrent, r*hiclr in turn
I (lepends upon current, anr.l forecastetl future nlarket

prices, cor.l.rorate profitability, tl-re availability

of capital, conrpetition f ronr procluct substitutcs, r::ater

availability.

2 . Feieral, state, and local governmental attitucles tor.,'arcr.

tleveloirrrent I tax 1>oIicy, leasing irolicy, siting ancL

reclanation requirenrents.

3. The speed of clevelopment, which clepentls ltrimaril-.'
Ltl,()l) lrrotltrct irricc..;r [',<-lvernl,rerlta I po1-icy, :rllrl r:r'r.l.i':-

rrrc nt irv:r i, I :r [r.i l i 1..1, .

Ortt: rltr;rl i tat ive e lcnrcrrt. rr,lr icir slroultl l-:e incorporat<:cj Lrr

any tiiorouqlr econor:'.ic analysis is a consi<ler:rtion of 1-he efllects

of the cconor;iic inlpacts as they are rlistributcr' arlicn q t!re ;;co.;le.

For er:ar.r >1e:

V

V

ノ
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1. t','lat proi>ortion of jobs generatecl r^ii1l go to loca1
resicicnts?

:. l'Iill the existing smal1 retail establishrnents be able
to afforcl paying r,ra6les commensurate r.;ith those offere<_l

ity rrrining or construction companies?

3. !'/ho r*ilI i;ay the short,-ternr costs of supi)lying neec'.erl

serviccs ( eclucational, 1-rolice , h,aste clisposal ) to tl1e

^-'otent-.ia1 rapicl influx of new rcsiclenl,,s?

.4,'. 11i11 r"atcr supl:1ics l-.c rlecreasecl or contar:rinaterl as

a result of stri;r nrining or coal conversion c,ctivitics?

5. I'li1'1 tlie local rancher havc difficulty finciing seasonarl

rancl-r he11:?

6. t'Iho r,:ill- be ad!.versely a.ffccted by 1,i1s rise in the 1cca1

cost-of-living anr.l the increase in short-terni sc}ool
rlistrict levics?

iiti :tl'r'itional, corll)onont of ar-r]r econol:ic lna11,sis of ).ont ana

crlcr:I)r rlcvelopr,,cnt slroulcl be a ltrojccLior.r of tl:c long-16.p,l, sltil=t

ir-r Iocal flor"s of econonric goorls and services. i.loreovcr, an

attcli,rt r-'iust l-:e illarle to estinate the irrri:act of energy r'evcIo;;-

ricnt on tlie long-tcrnl healtl.. oil the local economic systell .

If significant in<lustrialization acconpanies resource

e);.-rloiaation, anr' tl-rere i-s currentl]r f,]is potential for t!;is

i.n s,;everdl areas in eastern liclntana, therc r.rill be a slrift in

tlrr: 1.ocal flow of ccononic goods and services aln'31r fror,: tlie

a:'r'i cultural sector to the industrial ancl allierl cor.ur;ercial

sect-orso Tl-ie loca1 economy rvi1l beconre lcss rlcl>enr'lerr.t, Lri)on

those factors affecting agricultural rvclfarc (r.;eathcr, r:arl<ct

^rrices) :lnrL lllorc crepenclent u.iion corporate clec.isions, fer'eraI

⌒
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lcasing and ener€iy policy, ancl eastern capital rtrarkets. Econottt-ic

,,o\.,er. v.,iI1 slrift a\,\ray fronr large landlrolclers and 1ocal banl<s to

tire corporate interests. \{ithout tlebating tile rnerits of t}rese

slrifts, t5ey r.ri11 ciefinitely have a long-ternr irnPact on tl:e func-

tioning of the local econofl/o

Non-renewable use of the land base rvi11 also recluce tl:e oli-

tions available to future generatiooso lteclucing future oiltions

by irreversible commitments of lanct and rvater systems toc-lay r,'ill

re6iuce t5e long-term econonric liealtlr of the local area t"hicltr in

tlre case of argriculture, is closely linke<l to maintaining tl:c en-

vironl,ent:rl irrtegrity of the land ancl n'ater.

l'lrc ctr;rrtsop t,[c follorving forrr t)i]llcs can be trscti to sirot,'titt:

!_lcncral r"elat i.orrslt.Lir bcltt'ccn cl if ferent ty:tcs of cner[',y tlev<:l opntent-,

(1eft-[ancl coluriin) anc! eight factors affecting the local ecottontic

systenr.

V

ー

V
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V.  SUMMARY OF ENVIRON‖ E‖TA止  1"PACT OF ENERGY ALTERNATIVES
⌒

Possible Environmental Impacts of Alternative Enernv-Relgted Activities

Exploration and Processing or
Extraction Transportation Conversion Consunption

Coal Strip mining Railroad Electricity Direct burning
1. land use 1. land use generation 1. air poI-
2. reclanation Slurry pipe 1. air pollution lution
i. ground vrater 1. laod use 2. t^rater consunp-

disturbance 2. water consumption tion
Underground mining disposal J. land use

1. acid mine water Gasification or
2. subsidence liquification
J. health & safety 1. land use

hazards 2. water consump-
tion

Electr icity CoaI fired generation Transmission lines
1. air pollution I. land use
2. land use 2. inductive effects
]. water consunption

Hydro generatioa
1. land use
2. loss of rrfree-

flowingrr character
of river

J. relocation of
people

Gas or oi1 generation
1. air pollution

(not as gas)
2. land use
J. water consumption

Nucleur
1. land use
2. 'rlater consumPtion
J. radiation hazard

Petroleum Blowouts Pipelines & storage Refinery Air pollution
Spil1s facjlities 1. water pol-
Fires 1. land use lution

2. spi11s



Possible Enviroruuental Impacts of Alternative Energy-Belated Activites
(continued )

3.i

Consumption
Exploration and

Extraction

Natural Gas Blowouts
Spi11s
Fires

Uranium Health & Safety of

Transportation

Pipelines & storage
facilities
1. land use
2. spi11s

miners Racliation hazard

Processing or
Conversion

Electrlcal
generation
1. radiation

hazard
2. water con-

sumption
J. land use

Direct burning
I. air pollution

Pyrolysis
1. disposal of

wastes

Unsightly collectors
Possible changes in

earth heat balance
due to decreased
albedo

Iand use

Land use

Solidwaste

Solar

Wind

Transmission lines
(if converted to
electricity)

Pipelines (il trot
water used directly



VI.  ETIERGY RESOURCE INVENTORY 3t,

Coal Reserves ald Physical- Characteristics

Monta-na has the largest demonstrated coal reserve base of any state

in the nation (about 2l per cent of na.tional total) with an estinated lO?.?Z?

billion tons. Surface mining methods are e>qpected to be able to extract 4A.562

billion tons of these reserrres. Ihe remaining coal, approximately 55.1 billion
tons, could be mined by underground methods. The term, rrdemonstrated coaL

reserverrt refers to coal resources which can beeconomically and IegaIly mined.

Ihese reserves cousist of two types of coa1, subbituminous artd lignite.i
Subbituninous coal has an average heat content of 8r5oo HIU per pound. Lignite

coal has a lower average heat contentz 6rfJO HIIi per pound. Both coal types

have significantly lower heat (EIU) content than eastern coal; !O more tons of

Montana coal nmst be burned to produce equivalent heat energy. Here is a

breakdown of Montanars d,emonstrated coal resource according to ty?er potential

mining method, and percentage of the nationrs totaL reservea:

MONTANA COAT RESER\TE BASE
(as of January, L9?4 in milLions of tons)

Tpe of Coal

Subbituminous

Lignite

Mining Method

Sl,いface        Underground

ぅラ,4ぅ■          6ぅ ,78■

7.15■      not economica■ ■y
minable

Tota■                         42,ラ 62          6ぅ ,781

::rs:el:s:iv:°
ta・

               う1              2■

*The demonstrated coal reserne for subbituminous coal includ.es 6earn6 50 iaches
or thicker and less thaa lrOO0 feet deep; for lignite, 50 inchea or thicker and
no deeper than 12O feet. !'lhenever coal reserve is mentioned. in the coal sectiou
it refers to the demonstrated coal reserve unless othe:*rise noted.

⌒
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The most irrportant phyeical characteristic of Montana coal is its relatively

low sulfur content. UtiLities that produce electricity from coal must neet air

quality standards liniting the a.mount of sulfur dioxide released into the air. \/

Utilities are now using Iow-sulfirr fueL to meet these requirementq although

the requirements were relaxed somenhat during the oi1 embargo of 19?3-174. of

the staters strippabLe coal reserves, ,3J6J- billion tons are of this low-

sulfur variety.

To d.etermine whether a particular coaL deposit is suitable for the 1ow

sulfur coal e4port market to utilities, sulfur content per million tsTU rmrst

be caLculated. Since nore Moatnna coal than eastern coal nust be burned to

generate a million BIUs of heat, even coal with a relatively low sulfur content

may becone unacceptable due to the cunulative amount of sulfur released into the

air.

A general classification of BTU ratings of Montana coal, related to the max-

irum amount percentage of eulfir per pound of coal it may have and sti1I meet

air quality standarrils is listed below.

COAI HEAT CI,ASSIFICATION
(In relatioa to the ma:rirmrn amount of sulfirr aIlowable and stil1 meet air quality

standards)

Heat Ratinss (BTUg gelpouad) Per cent sulfur pgr pound

10rooo

9rooo

Brooo

TrOOO

5rooo

5t0o

equal to but no greater than

equal to but no greater than

equal to but no greater thaa

equal to but no greater than

equal to but no greater than

equal to but no greater than

1.2

1.0

.96

.80

.7O

.50



Approximately 93 per cent of Montanats strippable reserves have acceptable

sulfur content from an air pollution control staadpoint. fhe chart below

gives the actual tonnage for sulfur content of Montaaa Coal accordiag to
low-sulfur (meeting present air quality standards) coal tonnage compared to
total coal reserves with sulfur content identified.

SULFUR COI{TEI,IT OF MO}f]AI,IA!S

Coal vrith Iow sulfur

(nilIion tons)

3,

STRIPPABLE RESERVB

Coa■ with su■ fl】" cOntent ident。
拿

――………………1堅塑里二璽笙tOnsu

RANKM

Sulfur content
Per cent per pound

gf coal

.4o Or less

.41_.ぅ

.ぅ 1-。 6o

。6■―。70

.7■―。8o

。8■―■。o

l.1-1.ラ

■。6-2。 0

TOTAL

拿2う16.45 mi■liOn tOns Of

24r66t.22 2496t.22

5t4?8.52 514?9.52

l-r9lz.3, trg:-.2.33

3f,2.02 312.02

11379.88 LJ?9.88

118 tJ*2.52

o.o 362.99

O.0 528.aq

,3r76t.9? 35rO7g.4Z

strippabLe coal has no sulfur content identification.

Coal Prospecting Permits

Eren the most recent coal reaerve estinates are subject to change. Coal rnay

be added to or subtracted frorn the reserve figure as economic or 1ega1 conditions

change and as the coal- regions are further explored (prospected) by enerry

companies. fhere has been extensive prospecting in 1? counties in Eastern

Moutana; six of the counties have no demonstrated surface ninable coal reser.reso

Prospecti.ng activity is registered by the Department of State Lands rvhich

has authority over prospecting permits. The Department issued l+8 permits for
coal in Montana from June t l9?3 to June, l9?4.
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The fol-lowing chart lists the number of prospecting permits issued by

county:

PROSPECTING PERMETS

Number of Permits

Rosebud

Powder River

Dawson

Custer

Wibaux

Fal1on

Bighorn

Richland

McCone

Roosevelt

Sheridan

Counties without {emonstraled reser.nes

Prairie

Carter

GarfieLd

Hill

Blaire

Treastre

5

3

5

6

3

3

4

3

3

2

l-

Nunber of Permits

2

2

1

1

1

CoaI Leasing

There are at least 514r0Oo acre6 in Montana on which coal mineral rights
have been leased. Some of this leasing is speculative (i.e. :rot intended for
immediate development, but rather for development when the demand for coal-

increases). The leases have been issued by the following sources:
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Coal Leasine_in Montana Acres Leased

Federal Government (tnaian) 9lr19O

(non-Indian) j5r7z9

State Lands 5612l?

Private 4jo.j9?

Total Acres Leased 6141213

The Northern Cheyenne Tribe has been partially successfuJ- in petitioning

the Department of Interior to ca.ncel all existing leases and prospecting permits

it had issued for the Northern Oreyenne. llre Crow Tribe recently requested

similar action. lhe status of the 9lr39o acres of leased Iadian lands is,

therefore, uncertaiyr.

It should be noted that the private leasing figure is dated and incomplete.

Reports from eastern Montana ranching communities and from coal lease brokers

inclicate that speculative acquisition of private coal rights is proceeding at

a rapid rate.

Crrment Mining Activity

A11 of surface mining in the state is area strip mining. (Contour mining

is not allowed in Montala under the Strip Mine Siting Act.) Area mining is

used in flat or slightly rolling areas where the coal seans are relatively flat.

fhe clesign of the pit is governed by the equipment and desirecl level of pro-

duction. Pits are made in a series of 1ong, narrow strips; as the mining

continuesr the overburden from each strip is cast back into the open pit of

the previous strip trhere coal has been renoved and tnrcked off. A series of gigantic

paraIle1 fumows are formed suggestive of a pl.owed fieId.

rrMine boundaries may be determinecl by coal burn lines (from
historical fires), property lines, or areas in which overburden
is presently considered too thick to remove economically. Some
active operations are tentatively projected. to remove up to
one hundred fifty feet of overburden for a fifty foot coal seoln.rl
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Production

Production of coal in the state has rapidLy increased in the last few

years. The estimated 19?4 production leve1 exceed.s t]ne l9?2 production leveI

by twice. The graph shows coal production from 1t5o to the present.

The estimated 1974 production of coal is listed below.

Companv 1q?4 estimated production (milIion tons)

Peabody CoaL Co. 3.j(subsidiary of Kennocott Copper)

Western Erergy (subsidiary of 2.4
Montana Power (bmpaay)

Knife River CoaL Co. (subsidiary .3
of Montarra-Dakota Utilities)
Decker Miniag Co. (joiatLy owned. 5.0
by Peter Kiewit and. Co., and
Pacific Power and light)
l'/estmoreland Resources (partnership 1.5
of Kewaaee Oil Co., Morrison-Knudsen
Co., Penn Virgiria Corp. a.n,d
Westrnoreland Coal Co. )

TOTAI 15, 20O'OO0 million tons

Most of the coal is sold to electric utilities in the midwest. There

is one in-state contract from Western rlnergy for tbe J. E. Corette eteam

geueratiag pLant in Bil1iags, owaed by the Montana power corrpany.

Current Coal Transportation

A11 of the e:<ported. coaL is transported by unit traius which are used only

for the transportation of coal and are assigned to specific destinations. It
has been estima'ted that uationally, one-third to one-half of all coal transporteo

by rail is by unit train. Below is a graph showing the coal mi::ing cotrpany

contracts in state ald the number of railroad cars being used to transpor.t, iii.
coaI. (Information on other contracts for Montana coal is not available to the

pubi-r-e)
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ct― Nr usERS OF COAL

Cn"s per/week
Company     ■∞ Ton/Car      Destination     User

Western Energy          8ぅ         Bil■ings, Mbntnma       Corette Stenm Generatin≧ ‐ン

P■ant

263 St. Paul & Northtown,
Minnesota

580 Havanna & Hammond, Wisconsin Fot"rer & Light
Illinois

L25 Joliet, Indiana

8 other

Peabody 3OO Cohasset, Minn. Minnesota Power & Light

Decker 5OO }I4yanns, Illinois Commonwealth - Edison

Westmoreland 8r2 cars Minneapolis, Minn. Northern States Power
anticipated Dubuque, Iowa Interstate Povrer Co.
in ! years LaCrosse, Wisconsin Dairyland Power Cooperative

Madison, t'liscoasin l,,lisconsin Power & Light

Cost of the Montana CoaI

The cost relationship between various kinds of fossil fuels (coaI, oi1 \-/

and natural gas) is:neasured in the comon denoninator of heat value, that is,

cost per nillion BTUs. Montala coal is ine:rpensive compared with other fossil

fuels (e.g. oiI and natural gas) and coal fron other ax€&so The low operating

overhead cost for Montana strip mines is attributable to the thick sea:ns of

coal being so close to the surface. I'his relationship is erpressing as the

'rstripping ratiorrt the amount of overburden needed to be pushed aside to produce

a ton of coa1.

Cost can also be expressed as a function of area disturbelX
relative to the coal produced. Figure 5-Z sEffi thffi're&
operating cost and the least area of disturbance per million
tons of coal produced to be in Wyoming and Montana, where the
very thick coal seams are covered by relatively thin overburden.
In contra,st, the highest operatingi cost arrd the greatest unit
disturbance per million tons are found in states with thinner,
more deeply buried coal sea-ms.

V
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There are five states to which llontana coal ia shipping for consurtrltion

conversion in electric generating pla:rts. In these states Montana coal is

competitive on the basis of heat content with oi1 and natural gas. Belovr is

chart showing the comparative cost of coaI, oi1 and gas meaflrred by cents per

million BTU for each state.
COMPARATIVE COST OF FOSSIL FIIS IN S■ 7RcTED STATES
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Itrotice the relationships between the percentage of eonsumption of coal

by utilities to the natural gas prices. In areas where natural gas costs are

lower than coal (Minnesota and Illinois) the percentage drops to the upper

6OE. Now, natural gas prices are soon to rise with new federal price de-

regulation poLicy changes. As natural gas prices itself out of the market,

Montaaats coal probably will become more attractive.

A statement made by Lt. Governor Bill Ctrristiaasen in the fossil fuel

ta:ration hearings July Ip, l9?4t further illustrates the cost advantage and

hence strong demand for Montana coal:

fherefs a producer that has the capacity of about 5.5 miuion tonsl
r.rho has 4 mil-lion tone subscribed for on a contract. He personally
told me that coal consuners (electric utilities) were bealing a
path to his door to buy the Last 2tl niLlion tons of capacity for
calendar 1975t arrd that it looked Like he would not even have to
go to corrpetitive bidding. And thatrs a Montana producer.



Future Coal Demand

Future Montana coal production will probably not go below production
'levels tied to long-term (20-30 year) utility contracts. This market may

greatly increase over current levels due to increased demand for low-sulfur

coal by these ut'ilities. However, the greatest future demand for the state's

strippable coal reserves w'ill be for use in mine-mouth conversion of coal

into synthetic natural gas and oi1. Policy changes in federal leasing of

western coal lands, new reclamation laws, and vigorous promotion of Project

Independance would vastly increase the demand for the state's coal reserves.

Ilew technology which could desulfurize eastern coal and make eastern

reserves competitive with low-cost western deposits may have an effect on

the export market (midwestern utilities). The mine-mouth conversion of

coal'into electricity or synthetic fossil fuels would not reflect this

market change. Locat'ion of gasification facilities primarily is dependent

on availability of large contiguous strippable reserves and low-cost of

production of these deposits.

Future Strip-Mined Coal Demand

There are two sets of figures giving an indication of projected strip-

mining through .l980. First, there are est'imated for .l975 
and 1980 coal strip

mined production which the Montana Energy Advisory Council (MEAC) compiled

and then there are three coal development profiles which NGPRP, an inter-

governmental (state and federal) study group compiled for the years 1976,
.l980, .l985, 

and 2000. These projections give an indication of the amount of

coal development which would occur given various policy choices.

The Montana Energy Advisory Council has estimated coal production for

the years .l975 
and l9B0 based on known coal sales contracts. These

estimates do not include possible new mines opened by 
.l980 or additional

45
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expansions of production at existing mines. New coal conversion facjl'ities

located in the state (other than the pending application of Montana Power

Company for two new units at Colstrip) are not included. Th'is table shows

the estimates for coal.production by year, according to use and mining

company.
COAL DEVELOPMENT PROJECTION* FOR I 975 and I 980

(milljons of tons coal)

Year Electrical Generation

0.3 Knife River
0.5 Western Energy
0.4 Western Energy

(Col stri p)
1.2

Coal for Export

3.53 t,lestern Energy
6.0 Decker
4.70 Peabody

18. 23

.l0.32 
Western Energy.l3.0 
Decker Coal

4.0 Peabody

4C,

Years % Increase
over 1374-

19。 43 27

41 .12 170

known sales contracts. \,

1975

1980 0.3 Knife River
0.5 Corette Plant
3.0 Colstrip I&II
6.0 Colstrip III&IVP

* Made by Montana Energy Advisory

31.?

Council (MEAC) based on

These figures give an indication of what product'ion of coal would be like if
the state did not approve any new mines, allow expansion of min'ing p'lans for

existing mines or accept any more applications for mine-mouth generating

facilities.

There are three energy development profiles offered by the Northern Great

Plains Resource Program (NGPRP). The NGPRP is an intergovernmental effort

involving the five states of the Northern Great Plains Regions (Montana,

Wyoming, North Dakota, South Dakota and Nebraska) and three agencies of the

federal government. Their study'is to project the impacts of coal and energy

development in the region. The program made three coal development projections

(C0e1 based on the following:
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CDP I--Base energy coal product'ion and energy conversion fac'il ities

to meet region demands and supply existing coal sales contracts.

CDP II--The most probable forecast based on current demand trend.

CDP III--An extens'ive development forecast showing the possible effects

of serious national shortfalls in imported oi1 and natural

gas and delayed nuclear generating capacity.

The table below shows the coal production expected from Montana under

each of these forecasts.

NGPRP COAL DEVELOPMENtt PROJECT10NS★
(milllons Of tons per year)

Year 1-― Base Development II― ―Most Probable III--Extensive

1975                 20

1980                  35

1985                  39

2000                  58

★ Developed fall 1973

20

41

75

133

20

64

153

393

When one compares the .l980 
MEAC projections and the NGPRP most probable

and base project'ions it is obvious that the "base level" would be surpassed

by 1980 production totals.

Transportation of Export Coal

AII of l,lontana's export coal now is transported by unit train. The

out-of-state use of l4ontana's 
.l980 coal production probably will increase at

least 7l per cent over .l975 
estimated production. The existing railway

system may not be able to handle this loadl and equipment, track and

operating costs may rise dramat'iua11y.

To be sure, much of the coal produced in western mines will move by
train, train-barge and train-barge-train systems to major consumers.
However, trackbeds need frequent repair and upkeep and existing⌒
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railroad trackage has a practical saturation point. Beyond th'is point,
new expensive signaling and dispatching systems will need to be added
to existing rights of way or new lines will be needed to absorb the
increase in coal hau'lage from these western mines. It does not seem
likely that railroads and barge systems can accornmodate these possible
coal flows from the West. Because of these factors, it is 1ike1y
that pipel ine (s'lurry pipe) wil I be a strongly grow'ing compet'itoi torail systems.

Slurry pipelines transport coa'l in a pulverized form combined with water

to form a slurry. Water for slurry pipelines, if it is exported out of state,

is not considered a beneficial use under the Water Use Act, so no state--

controlled water may be used for that purpose. Federal water from reservoirs

does not have that ljmitation and can be used for slurry. The chart shows

the cost relationship between various forms of transportation for a given

amount of lJestern coal.

Coal For Electricity

The national demand for electricity is growing at about 7 per cent per

year. Approximately 40 per cent of the new national electrical generating

capacity for .l975-1977 will be fuel by coa1.. This percentage already is much

higher in the midwest where western coal is competitive with other fuels.

To meet air qua'lity standards, low-sulfur coal will have to be used unless

technology for desulfurizing eastern coal is used. There are three al-
ternatives which should be considered to meet air quality standards and still
burn coal:

l. Eastern underground low-sulfur reserves, which are 30 times larger

than western low-sulfur reserves, could be used in these facil'ities.
2. Sulfur can be washed out of high-sulfur eastern coal before it is

burned, but this process reduces the heat value (BTU/pound) and may not be

rel'iable.

3. Stack scrubbers.could be used to extract sulfur from emiss'ions before

release to the atrnosphere (desulfurization technology).
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FIGURE 2  COST COMPARISONS
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The three alternatives, unfortunately, currently cost more (in dollars

per million BTUs 0f coal burned) than the choice industry is making now--use

of low-sulfur western coal. Market changes could .f,ung. the picture

dramatical ly, however.

Coal for Synthetic Gas Production

A technology for conversion of western coal into commercial quant'ities

of pipe'line quality synthetic aas called the Lurgi process of coal gas'ification

is available now. The El Paso Natura'l Gas Company'is bui'lding a Lurgi

gasification plant of conrmercial size. This plant will product a low-BTU

gas from coa'l and concentrate it into a synthetic natural gas of pipeline

quality (around .l,000 
BTU per l,OO0 cubic feet). The process is designed

to work will with coal sim'ilar to Montana coal. Projected cost for the

process jncluding transportation to a city's natural gas distribut'ion lines

would be about $t.lO to $1.50 (.|972 dollars) per million BTUs. This process

would become competitive with natura'l gas prices which are expected to rise

as h'igh as $Z.OO per million BTUs. The resources requ'ired to operate such

a plant are listed next:



coAL cAsrFIcATlON RESOTIRCE REQUIREMEITTS

i{ypothgtical Ipcgtion near Decker Mt. (250 mncfs)

br

81 Paso P1ant ( 288 grmcfs-)

10rl85 acre-feet per year

Lr9l5 acres

9J\j million (8r554 BTU coal)

Water

Acreage

1/'OOO acre-feet per year

IrOJO acres(ror plant)

Coal requirenents
(tons per year) 8 millioa

Reserve requirements
JQO nillion 27年 mi■ lion

Another reasoa vrestern coal- is being considered for conversion into
synthetic natural gas is the low cost of these resources. rrThe supply of coal

for conversion or liquids during the 1971-1p8) period can be e:ipected to be

based largely on use of surface coal deposits in the Rocky Mountain area in
view of the rmrch lower mining cost of that coaL.rt (As stated earrier, Moatana

coal is among the least expeasive to extract in the nation.) Irthis does not
mean that only western coals will be used for synthetic feedstocks. coal frou
other a'reas may be used. but the quantity would probably be very sma11 as com-

pared to western coal.tt

Plalls already have been announced for five gasification plants and one

synthetic fuels ancl fertilizer p1ant. An application is pendiag ruith the
Department of Natural Resources and conservation for two additional power

plants at colstrip (cotstrip units No. J aad No. 4). on the next page is a

chart of announced enerry conversion facilities, coal to be consuned., and

general location- rf allowed under the utility siting Act of t9?3t these

plants demand a 62-3 million ton a year increase in Montana strip mine coal
production.

The NationaL Petroleum council developecl three synthetic natura1 gas

projections based on ilifferent sets of circunstances. case r wes a projection
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based upon the events that called for a marimum rate of buildup in the

synthetic fuels industry to meet- dernands for oi1 and gas in the absence of

firn natural supplies. This projection is probably equivalent to the type \-,
of development necessary to have energy self-suffiency in the nation by 1985.

Cases II and IIIr called for a rapitl but practical buildup rate to meet slow1y

growing shortfalls of conventional oil a:rd gas supplies. This projection

would be equivilent to the amount of development needed to meet energy demands

with shortages in natural gas anct oiI, but not necessarily needed for energy

self-suffiiciency. Case IV is a projection based upon a miniunrm rate of

builclup which was based on 3972 natural gas a:rd oiI prices that have gone

up tremend.ously. Montanars projected role in theee scenarios is depicted in

the chart beIow, with the number of 75O mncf gasification plants vrhich would

produce the required pipeline quality gas.

COAL GASITICATION PLAIIITS IN 1985
Case I million Case IIATI million

no. gf plants tons of coal no. of plants tons of coalcoal trme

subbituminous

lignite

TotaI

6。4

8。 o

46。 08

72.8

う.0

3.6

2■ .6

う2.76

■4。4

coal twe

subbituminous

■■8。88

Cnse IV
no. of p■ ant●

■.0

0。0

6。 6 54.ぅ6

million
tons of coal

7。 2

0。 0

Tota■ ■。0 7.2

If the plants which have been arurouncecl by corporations were built by 1965,

(5--gasification plants) Montana would have approximated Case II,/III. If

no nev{ mines were built (other than for Case IIIII plants) and present nines
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did not ex-oand procluction after the 1!)8o MBAC estimates (based upon knovrn

or eroected contracts)r Montanats total coal production woulcl be 95.48

rnillion tons vrith 6.8 square miles of land being clisturbed annually for

mining of this coal.+

The Northern Great Plains Resource program (Ne.pRp), has specific coal

conversion scenarios for Montana in acldition 'bo the coal production projections.

Again they use the three classifications of rtba.qsrrr nmost probablerrr a:ld.

rrexteasive.rt The base IeveI of development includes four Ir2Oo megarvatt power-

nlants for Montana- The rrmost probablett projection includes four lr2oo negawatt

pov'er pants and six 2J0 mmcfs gasification plalts. Three 1r2oo negawatt power

plants and fifteen 2)O mmcfs gasification plants are included in the rrextensive,

level of development.

SUMl・IARY OF NGPRP CONVERSION PLANT PRO」 ECT10NS

Base

Powerplants 4

Gasification 0

Most Probable

4

5

Exteasive

3

15

fhus it would seem that rtmost probablerr projections are realities today
in terms of coal development for Montana. As supplies of natural gas and

petroleum decline, alld prices rise, the demand for in-state coal conversion
facilities vriII increase, probably to the IY@RPrs rre:rtensive d.evelooment,

projection.

Coal and Environmental Effects

New research on the envirorunental irpact of coal production in Montana

is pending for this study. rnpacts of coal development will be addressed ful1y
in the final stud.y.
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Water and Coal Conversion Development

The need for water related to coa'l conversion plants js especially
demanding compared to limited supplies in the easter Montana coa'l regions.

(For a full discussion of the water demand for the coal conversion industry

and its relat'ionship to amounts of water already controlled, see the water

section of this report. ) In mine-mouth electric generat'ing plants certain

features such as dry cooling towers may be used to lessen the amount of

consumptive use of water. In the synthetic fuels industry water is a vital

input into the process. "The water problem js not trivial. In coal gas'i-

fjeation, water is used as a process input, the source of the hydrogen,

which when added to the carbon in coal , produces synthetic methane(gas). It
is not s'imp1y used as a coolant and returned to its source." The develop-

ment of the coal conversion industry would seriousl.y impa'ir irrigatjon plans

for river systems in the region and would foreclose growth of irriclation

in many parts of the state (see water report following this section.) An

alternative to Montana coal gasification would be: "lt should be noted,

however, that given water problqms, distance from major markets (which

require extensive pipelining) and avai'lable economically recoverable reserves,

coal gasification p'lants in the states of Il I inois, Indiana and 0h'io would

appear to be econoinically superior to those in the Rock'ies."

Analys'is of Coal Projections

l,lhen the projections are compared there are sim'ilarities vrhich give

an indication of the present trend of coal development in llontana. The NGPRC's

"most probable" projections of coal development projects are very similar to

those of Montana, Energy Advisory Council's l9B0 estimates. Conversion plant

proiectjons by NGPRP are very similar to the level of development which

would occur if the plants which have been announced vrere built.

P'lans'already have been announced for five gasification plants and

VI



b.r

one synthet'ic f uel s and ferti I j zer

the Department of Natural Resources

power p'l ants at Col stri p (Co1 stri p

page is a chart of announced energy

consumed, and genera'l 'location. If
of 1973, these plants demand a 62.3

strip mine coa'l production.

p1ant. An appl ication 'is pending with

and Conservation for two additional

Units No. 3 and No. 4). 0n the next

conversion facilities, coal to be

allowed under the Utility Siting Act

million ton a year increase in Montana
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THE DEMAND FOR WATER

Energy Conversion and Agriculture

The mine-nlouth coal convers'ion* industry jn the state will have a djrect

impact on future water supplbsjn Eastern Montana. The coal conversion industry

has yet to open a plant in Eastern Montana, but one plant is being bujlt and

others have been announced. Extensive coal conversion, because of .its mass.ive

demand for water, would prevent significant growth of irrigated agriculture in
Montana west of the cont'inental divide. The question is, what level of indus-

trialization would be compatible w'ith future growth of agriculture. Are four
power plants too many? Eight? Sixteen? There are limits to the policies which

may be enacted to influence future water uses in Eastern Montana. And some

decisions already have been made -- the federal government has contracted for
delivery of water for coal-related industry. This section of the study iden-
tifies tradeoffs which may be made pursuing various levels of agricultural and

industrial development.

Federal and state agencies can have great effect on water uses in [lontana.

The federal Bureau of Reclamation can determine for what uses the water can be

sold from its dams and projects. Also, with consent of Congress, .it can bu.ild

addjtional dams, regulate stream flow, limit water availabjlity and make water

allocations. Under its "Industrial Water Marketing program,, the Bureau of
Reclamation quietly sold 70g,000 acre-feet of water and has fjles of requests

from energy corporations for an additional .l.8 million acre-feet of water for
use 'in the northern plains region (l4ontana, Wyomirg, dnd North Dakota ). The

Bureau has conducted a number of studies such as the Montana-Wyom.inq Aqueduct

*Conversion of coal into other forms of energy, i.e. electricity, and syntheticnatural gas and oi1.
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Study, Report on the Resources of Eastern Montana Basins, and the Water Work

Group Report for the Northern Great Plains Resource Proqram (NGpRp), which have,

to varying extents, studied potent.ial supplies of water for coal conversion facjlj_
t'ies. The State through the Department of Natural Resources (DNR) has jurjsdic-

tion under the l,Jater Use Act to allocate water for agricultural , mun'iciple, and

jndustrial uses. The 
.l974 Legislature directed DNR to suspend action on water

appropriation requests in the Yellowstone Basin under the Act for three years.

The suspens'ion affects primary requests forindustrial di version and impoundment

and directs DNR to adiudicate existing water rights. Meanwhjle, state agencies

(and other polit'ical subdivisions of the state) can make reservations of water

for future uses. These two acts give Montana some control of future water use

for industrial coal development, but federal water po1 icy not subject to state

control may outweigh any state 'influence.

Federal Pol icies

In .l967, the Bureau of Reclamat'ion began selling water for energy conver-

s'ion from three reservojrs, first from Yellowtail Un'it (near the Montana-l^lyoming

border) and later from the Boysen Unit (Wyoming) and Ft. Peck (l4ontana). These

reservojrs were not originai'ly intended to provide water for jndustrial purposes.

A quotation from a December, 
.l967 

Bureau of Reclamation memorandum concerning

a soon-to-be executed contract for water from Yellowta'il Reservoir gives some

reasons for the policy change:

In v'iew of the vast coal deposits in the area and the jnterest from
commercial firms in obtaining a reliable water supply to develop
petrochem'ica1 industry from these resources, and the fact that a
large part of the conservatjon space of 6.14,000 acre-feet for hydro-
generation is excess to irrigation and other project requirements
the cost of Yellowtail Dam and Reservoir was reallocated us_lr1g.industrialwaterasoneofthepurposeS.Stuffiafirm
ffisupp1ys1ight1yjnexcessof200,000acre-feetwould
be ava'ilable after allowances for anticipated @
irrigational @ and below the reservoir. (our emphasis)
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By May, .l97.l, 
when the Bureau fin'ished signing contracts, it had sold

393,000 acre-feet more than jt had planned to sell when "anticipated and future

irrigational developnrent" was stjll a factor. The total sold fronr Yellowtail,

Boysen and Fort Peck Reservojrs was 708,000 acre-feet of water. In addition,

pending requests for industrial water total more than .l.8 m'illjon acre-feet.

The Bureau of Reclamat'ion has estimated that more than 
.l.3 m'illion acre-feet

of the total was either contracted or requested for use'in Montana. (See Appen-

dix A) *

The sales contracts under this prograrn provide that water be put to a bene-

ficial use by the contractor (energy corporation) for industrial use only. S'igned

water contracts allow delivery of water anytime after the date of execution. Other

contract provisions affecting coal conversion development allow substantial changes

to be madein water delivery on the 10th year after the contract has been executed,

and requ'ire air and water pollution controls on convers'ion fac jl it'ies using this

water. The industrial user must request init'ial delivery of the water before the

1Oth year of the contract or it will be terminated. Termination of the contract

also follows when water isn't used for three years after jntial delivery request.

The Bureau may Iimit the maxjmum amount of water to be delivered to that amount

which is being used on the 10th year of the contract.

The Bureau js now considering a number of strategies to supply water for

various levels of industrial development. Under the Northern Great Plains Re-

source Program (NGPRP), federal interagency study of coal development jn the northern

plains region, the Bureau examined water availability according to three energy

development scenarios. It then examjned the actions that would be required to

supply water for these levels of deve'lopment. (The NGPRP energy scenarios and

water avajlability are discussed after State policies.)

*Appendix A not reproduced for review draft.

|_



State Pol icies tl r I

A number of applications for appropriations have been filed by energy com-

panies for state-controlled water. (rrris would include all water not now con-

trolled by federal agencies; presently those not related to federal reservo.irs
or projects.) The total of these applications js 7g7,450 acre_feet per year,
genera'l1y for coal convers'ion facjlities. Unlike provisions of federal contracts,
these state appropriation requests could be used for irrigational, municipal and

domestjc uses as well as for energy p'lants. Because none of the appropriations

has rece'ived approval, there is no sure way to know how the water would be used.

(See Appendix B*for state appropriation requests.)

Approval for these applications must wait for expiration of the three-year

water moratorium. Meanwhile, DNR is studying the Yellowstone R'iver Basjn to

determ'ine existing water rights to water and the amount that must be reserved to

protect existing agricultural, recreational and munjcipal uses. Under the lnlater

Use Act' these reservations can be made by agencies of the state or its political
subd'ivis'ions. For example, the state Department of Fish and Game has requested

a reserve of water in the Yellowstone Basin to preserve its fish, waterfowl and

wildlife capabil'it'ies. State water poiicy in the face of impending coal develop-

ment appears to be "wait and see" until the water moratorjum expires or a replace-

ment policy is devised.

Industrial Water Demands

Future water demands have some relation to present NGPRP energy development

scenarios, pending state appropriations., and federal Bureau of Reclamatjon urater

contracts and requests. The executed federal water contracts show jndustry,s

serious interest in coal conversion in the state. so far, corporat.ions have paid

$603,000 (50 cents an acre-foot per year; a total of g.l14,000 a year) to retain
the federal water options. It is reasonable to assume that industrial leaderl

*Appendix B not reproduced for review draft
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'intend to profit by the use of these waters as far as federal and state ener.gy

po1 icies permi t.

Three energy development projections are offered by the NGpRp. These three

were developed as a basis for a coal development program, but there has been strong

offjc'ial criticism of their validity. The report of the NGpRp,s Water Work Group

described two kinds of industrial facilities, coal fired power plants and coal_

consumjng synthet'ic gas plants. It .is assumed that each 
.l,200 

megawatt steam_

generating electrical plant would consume 23,000 acre-feet of water a year for
cooling purposes. It is also assumed that each gasification p1ant, able to pro-
duce 250 m'illjon cubic feet of synthetic natural gas per ddy, would consume 30,000

acre-feet of water per year. (For comparison, Colstrip Units No. I and No. z
(producing 700 megawatts) are planned to consume 4,000 acre_feet a year)

According to the NGpRp (see Appendix C_*), coal development could occur
at "base," "most probabler', and,'extensive', levels.

In Montana, the "base" rever wourd incrude four in-state r,200-megawatt power

plants, together requiring 92,000 acre-feet of water a year. The,,most probable,,

level of development would include four ,|,200 
megawatt power plants, and six coal

gasificatjon plants, requiring a total of 272,000 acre_feet of water per year.
The "extensive" rever of deveropment wourd incrude three 1,zoo megawatt power

plants and l5 gasification plants, and would require 5.|9,000 acre-feet of water a

year altogether' }{ith the extensive development, there also would be a new popula-
tion migration, to seven counties in Eastern Montana, of lll,OOO people. New munj_

ciple water requirements would be 27,500 acre-feet per year. This would up the
total water requirement, in this scenario, to 546,000 acre_feet a year.
*Appendix C not reproduced for revieur draft.
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Summary of NGPRP Energy Development Projections

Base

Conversion Facil ities

4 power plants 92,000

Most Probable ４

６

power plants
gas'ification p'lants

272,000

Extensi ve 3 power plants
'15 gasif ication pl ants 5.l9,000
p1 us new Pop. ' s mun'ici pa1

water requirements 546,000

Althouqh it uses the phrase "extensjve deve'lopment" to cateqorized the

potentia'l consumption of 546,000 acre-feet annually to feed power and gasi-

fication plants, the NGPRP report may represent a serious underestimat'ion of

'industry jntent'ions. Iqnoring for a moment the fact that the Bureau of

Reclanration has earnest industry requests for .l.3 mill'ion acre-feet of water

desjgnated for wjthdrawal and use in Montana, the Bureau has nearly enough

sold (228,000-acre feet) to satisfy the "most probabls" scenario of the NGPRP--

and easi'ly so jf the fair assumption js made that that'industry has overest'imated

its needs.

As for the earnest industry requests: 'if they were granted (here ignoring

the envjronmental and economic impacts of the dec'ision), industry wou'ld have

available twice as much water as would be requjred to satisfy the demands of

energy conversion p'lants in the "extens'ive level of development" scenarjo of

tomorrow. And the appl ications for federal water, i t wil I be reca'll ed, are

only part of our story of industrial thirst: the state has been asked to

al I ow another 787 ,450-acre feet i n wi thdrawal s.

Clearl-y, NGPRP development projections fall far shor.t of indicating the

possible extent of future energy-development water demands and also fail to

point out that the "most probablg" future could be an assured reality totJa'1

even ulith no further act'ion by state and federal governments on industrial vtatc:(



requests.

Agency

Summar.y of Fjrm Contracts and Requests (Federal)
and Appl ications for Appropr.iation (State)

61,

Requi rements to ful fil I

COm2ared_tO NGPRP Ene Devel o t_Scenarlo  or MOntana

Acre-feet per Year

IIGPRP Devel opments

Bureau of ReclamatiOn

(Federal)

contracts executed
request pending

SUBTOTAL

Department of Natural
Resources (State)

[il‖ :S10fi[ appr°
priatiOn

Base Development--
(1ess than ,z of
contracted water)

[1ost Probabl e-272,000

Extensi ve-5.l 9,000

Actual Grand Total is
slightly more than 4
t'imes extensive devel opment
water requirements淵

Aqricul tural Water Derland

A number Of things shOuld be considerod when discussing future irrigatiOn

requirements in relatiOn to cOal development.  Fi rst, the effect Of cOal

conversiOn water requirements must be viewed as a basin―
wide problemo  Water

which is cOmmitted downstream by appropriatiOns cannOt be legally used upstream.

Second, any promis1 0f water fOr cOal― related industrial development shOuld be

viewed as at least a 40- t0 50-year commitment.  A nline‐
mouth electrical generating

facility has an estimated life_span of 37 years,fOr example.  only if the plant

were nOt replaced would the water be available fOr other uses.  Thi rd, energy

development:s water withdrawals may cause difficulties for any irrigatiOn project

because massive withdrawals wOuld reduce surface levels of waterways.

丁he bulk Of agricultural use of surface water in Upper MissOuri River Basin

is fOr irrigatiOn.  In determining future irrigatiOn water demand, fOur

variables must be considered:  potential arability of the land according tO

soil capabllity and tOpOgraphy; proximity of water tO this land; water requirements

for its irrigation, based On crOp needs and irrigation efficienciesi and lastly,

⌒

228,000

N
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the market cond'itions for agricultural products, which determine whether new

land can be opened economica'l1y to irriqation. Government agencies concerned

with water resource development have disparate estimates on the acres of land

that cou'ld be 'irriqated economically within the criteria I isted. Any estimate,

however, is more likely as not to inflate as the world demand for food grows

with population and the prices hungry people are w'il'ling to pay. The state

Department of l{atural Resources estimates that probably 500,000 acres 'in the

Yellowstone Bas'in will be irrigated someday. The Bureau of Reclamation, however,

estimates that new irrigation development in the llorthern Plains reqion wil'l not

exceed 
.I00,000 acres. There are other projections; all can be related to

Montana's potential future in coal development.

To determine the amount of water needed for future irrigation developments,

cropp'ing patterns and the eff icienc.y of water def ivery systems must be estimated.

It will be assumed that future irriqated lands will have cropp'inq patterns

like those of today and that the future de'livery systems w'i'l1 be as efficient

as those nour in operation..

Based on what we (0ttR) know about cropping patterns and consumptive
water requirements for different crops, an averaqe of approximate'ly.l.47 acre-feet per acre per year is consumed by these crops. Infor-
mation on irrigation and deliver system efficjencies indicate a

djfgt!lon requiremqnt of Approximate'l.y 5.00 acre-feet per acre

Approximately 50 per cent of this diversion requirement is returned to the

river system as a return flow, but "informatjon on the time and location on

availability return flow for reuse is not predictable with current technoloqy.

All that's known is its later and downstream."

The Department of Natural Resources (DNR) has classified over 2..l million

acres of land as potent'ially irrigatable in the Yellowstone Basjn. "Th'is

classifjcation is based onl.y on soil and topooraphy as to the abil ity to susta'in

contjnued agriculture. It does not consider water supply, accessihil'ity or

economjcs. Holever, we know al'l of it will never be irriqated so gre are)

assuming an addjtional 500,000 acres of irriqation (would) be a more probable
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figure."  According tO DilR, water requirements for potentially irrigable

lands in the Yellowstone Basin wOuld be approximately 2.5 million acre―
feet a

year.  of this 2.5 million acre― feet Of water, 1。 25 mlll10n would f10w back

to the rlver.

The Missouri River Basin (MRB)comprehensive Framework Study, written

by a federal inter― agency task force, estimated that more than l.3 milliOn

acres in the VellowstOne and upper MissOuri River Basins will be irrigated

between 1970 and 2020.  The bulk of this irrigatiOn demand is projected tO

occur between now and 2000。   PrOjecting from the diverslon requlrement Of

5。 00 acre― feet per acre per year, more than 6.5 mill10n acre― feet Of water

would be demanded fOr irrigation if MRB:s fOrecast came true.  In a dry year

Chere is a 50 per cent chance of this in any year), total demand would jump

925,130 acre― feet to a grand tOtal of mOre than 7.4 million acre―
feet a year.

Another federal inter― agency task fOrce, the Montana State study team

for the Western Uoso water RepOrt, disagreed with the MRB probable irrigation

figures.  :!It is dOubtful that l,ooO,ooo acres cOuld be econOmically developed

in the state Of MOntana in the future.  Half that amOunt would be more realistic.

Potential developments in the amount Of 487,000 acres have been specifically

identified.ll  using present information about average irrigatiOn water demand,

OVer l.7 million acre― feet Of water wOuld be needed tO supply this level of

developmento  with additOnal demand FOr a dry year (50% chance of occurring)

the total demand would be a little less than 2.O mill10n acre― feet per year.

The Northern Great Plains Resource Program (NGPRP)dOes nOt consider the

future irrigation development out100k tO be promising.  As the water work

group report Of the N6PRP put  it, `!under existing project formulatiOn criteria,

there are essentially nO (irrigable land)units which meet federally―
funded

economic 」ustification within the YellowstOne Basin.::  丁hey determined that

there wil] be ‖sOme amOunt Of private and state‐ assested irrigation in the future,

but it is not expected to exceed loo,00o acres."  (This figure is for eastern

⌒

⌒

⌒
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Montana, western l{orth Dakota, and northern hlyominq.) what is considered

as uniustifiable for economic deve'lopment today,may be good business unde. -
market conditions Z0 or 30 years from now vyhen enerqy conversion plants built
in thjs decade would sti'l'l be consuming prodigious quantities of what mioht

have been irrigation water. Applying DNR's fiqures for crop requirements ancl

water delivery systems to Bureau of Reclamation's conservative estimate,

however, reveals that even a moderate amount of irrigated land in the llorthern
Plajns would require approximately 500,000 acre-feet of water per year. In the

case of a dry year ( one in every two) the diversion expancls7l,000 acre-feet
(0.7.l acre-feet per acre per year) for a total requirement of 57.l,000 acre-feet
per year.

ヘ

ヘ
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6.,
Water Availability

The Northern Great P'lains Resource Program's Water l,lork Group Draft
Report states that, "industry could obtain something in excess of 3 million
acre-feet annually in the Upper Missouri Basin (includes Yellowstone) without
conflicting with other needs, providing adequate new storage is developed

to support the necessary diversions and providing that aqueducts are

constructed from points of water availability to points of use.,' Thjs estimate

allows for 500,000 acre-feet of water for future irr.igation use.

If coal development can be limited to the extensive level of development

then there would be no need for bui'lding storage dams. However, a rather

extensive aqueduct system would have to be built to transport water across

various reg'ions of the state and to Wyoming.

The moderate scenario cou'ld be approximated while allowing for only
.l00,000 

acres of new irrigation development in the Yellowstone Basin, and

st'ill not require storage dams. Any limitation of water supply to potential

irrigation areas shou'ld be seen as a 40-year commitment.

Fo]lowing is a summary of the total water demand qiven various levels

of irrigation and coal development.
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PETI'OLEU}i

';l,cr;Cl'\reS

I,ontan;.its cl.Lrc'c o.L1 1-rrovecl reservcs (oo of Januaryr 19 j,i),

t,ot-.alc11 334 r:r-illion barrels, ]-ess than one j^-,er cent o.1l tota_l

J.S. recoverable """""r.=.1 iiost of tlrc oil is foui-rr.l :Ln:

1.  lfi■ ■iston 3asin

E aster.n counties ( f iC ilorn, iloseburi , P orvcLe r llivc r ,
Carter, Yellorr'stonc, i-usselshc11, I'ctroleui.:, ir,n('
Garf ielti ) .

i'iortii-ccntrirl countics (Toole, G1acicr", LiLcr,t; r,'or-I,.'cr.r
anrl Tcton).

['lrc I.onLltru', l]oi"rrl of 0 i 1. ;ttrtl Glts; Conscrvalt,i.on r.r;t ii,,;rt r:r,:

t.]r;tt-, only a snia1.l. i,,ori,ion of Llrc l"ttt;r1 oLL l'cLjorrr.c(: lrr'.r: l)('(.)rr

r'i.scot'crecl . Incrcasing 1;rices of cLolncstic clurlc an.. nlii' ( .:,:<,r ri

r.l;) Canariian crudc v;i11 tencl to cncouragc c;r,;.1-r;r":.t,ori' ac';ir':'r,,

i-rr tl,e state.

^ rorluction

1'roriuction of irctroleul;r in i'iont-,ana steaclil;r inci'crso l li.i.)

, .)cal. of 43.5 nii1l-ion barrels in 1963 rtith thc 1-967 c'iscovr,r;.

ri i.i:<. llcl I Crccl: It j-c1cl .3 iiy \97'.-. .:r"oiLrct.icn l:lr' r'cc'lir-rc:.' t:..

０

一

う
０

ヘ

:.1 .9 r:jI1-irrrr br.r'r"i.! s (r:lai-rrl-i. tlrc rcstt-lt ol''c'crcl',sirr'': 'r'

,ri' 't'i-';c:r' i:-.i rli.1e tt itr.l-t.')l i,iont;lrxi ,rroilucor,; ei;i>trt ()i1(' ..ci'' (-

i-:.5. cruclc ^-,ctrolcuir,.4
lontana !ias; nine oil rciiuerics, three of r,'iricir irc

t.l e -)i1,1ings area. Table I*siior.'s tl-re location anrl crur1r:

,-.ri tlie refineries.

o ',.t(:1. t'r)tt

r'i-r t' r; I

■l■

Caル aC Lt

*Tables and figures follow text of section.

ヽ
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71

Of the 48.5 n:iIlion barrels of crude refined in llontane
in 19721 9.0 r:rillion barrels (rB.T pet cent) were incligenous,
L3.7 million barrels (28.2 per cent) were importec'. fronr Canacl.a,

ancl 25.E r:rillion barrels ( j3.1 per cent) rncre inportecl from
\{yor,ing.r In Lg73s L9.Z per cent of the crude refinecl rvas

indigenous, 31.13 per cent Canaclian and 49.85 per cent fronr
r'{yoming' There is no lrlidclle Eastern or South Anerican crurte
oil refined or sold in I'lontana.

Transoort

Lost I'iontana crude is transportecl frorii the fielci to the
refinery by pipeline, altirough some moves by tank can, truck,
or rai1. Il'yoning anc! Canaclian crucle is transporterl to liontana
b), pipeline.

Tables If and III shor+ the 1968 pipcline n:ileage clata for
iiontana anc'. L972 refinery receipts of cfucle b), transportation
r;roclc .

TAiILD rI _ PIPELINE I,IILEAGE DATA (196g)

Crude gathering lines 626 nriles
CrucLe trunk Jines 11199 miles
Refine<l products lines '674 

rnj_]:eirorAl. Z7tffiiLes
Source: U.S. Petroleunt Facts ancl Figures, L}TL Eclition (AmericanPetroleunr Institute ) .

TAiiLE rrr 1972 LEFTNERY RECErprs eF CRUDE (million barrels)
Donrestic Intr4ptate Fipe line LZ.6
Tanl< Cars and fruclis .7
Do■lestic lnterptate Fipeline   ■6。 4Iloreign Pipeline
TOTAL

source: l'iineral rncrustry survey, Jqlnuary Lg73 (u.s. Deirart-ment of the fntoylor).

.,..'
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Consumpti.on

consumption of petroleum in l.rontana rras been grarlua115,

increasing since 196O (See figure Z)

Consunryrtion of i:etroleunr by the transportation sec'bor is
tlre largest use in l.lontana and has a grorrrbh rate of L.gz per.

cent O." ,."".6 The use of gasoline for automobiles is the
largest single use of petroleum proclucts in lrionta na.7 Not

only have the number of llontana registered veliicles been in-

creasing, but also the average gasoline consumption i;er eruto-

ilobile has been increasing (cLue to larger vehicle size, rveight,

ancl horsepo,rver).

The autonrobile is the major neans of transr:ortation in

tirc state. I'Jith sparse iropulation and isolatecl urban areas,

liontanars ltotentiill for nlass transportation is lin:iteci. The

trencl towarcl increasecl. use of the automobile as the basic mocie

of transirortation has been encourageci by lancl use patterns

in I:ontana (suburban housing cievelopments, vacation homes,

automobile-oriented central business Cistricts). In L972,

52 .5 trillion IITU rsere used by g;asoline porvcreri vehicles on

tlrc state r s highvr*rr. S

Ilail is an efficient node for transport for passeng,ers

anr'- f rei-glit. See Table IV f or cnergy ef f iciency coli:,parisons

for rlifferent mocles of transportation. Tire total use of cliesel

fuel i:y r:rilroacls in L}TZ l.ras 10.57 trillion BTU.10 In Lg7?

si-rl railroatls in l,iontarrd trrere providing f reiglrt servicc.

Buriiniiton Nortirern ancl Ci:icagor }lilrvaukee, St. Paul ancl Pr.cific

carry 93 1;er cent of tlre freight in }.ontana (basecl on ton

r.ii les t ravcle,l) .I1



7:)
'i ltt. .;;rl-ion;r I tiail roa<l Passenger corporation (Antrak) pro-

yirl<:s t.'..'o ca.$t-tiest i)assenger trains in tlre state. On tire

northern route, tlre Dmpire Builcler provicies claily service.

About 18 per cent of the trainls passen{Jers boarclecl or clebarhei
.13in l:ontar3..^- The southern ronte, the Nortlt Coast iiiawatlra,

r:'irich usecl to 1:rovide only tri-r.reekly service, has begun daily

service experimentally. About 38 per cent of its passengers

boarclecl or iiebarked in lriontana.l3

Tlie nrain rail lines of the state are shown in Figure ri.

In !972, truclis and buses in I'lontana consumec!. 8.82 trillion
llru of cliesel fuel; off-higluvay uses such as farni machinery

consunied. an aclclitional 2.81 trillion BTU.14

The purchase of aviation fuel in llontana has fructuaterl

but the general trend is an increase in consunrption. Airirlanes

purciiasc<'l 4.5 trillion DTU of fuel in }iontana in ]rg72.I5

Increascs in thc number of registerecl 65eneral aviation aircraft,

ln'ri lteavicr coiij:ercial- traffic at cor.rnrercial air;lorts heve

co:rtril-.utecl- to increased eviation fuel consul:rption.

Tlre usc of -tetroleui., for non-transportation uses is in-

crcasing a.t a rate of 0.4. per cent p"" r"r".16 The slor.r gr-or.,.bh

rate is tiie result of the clecline of oil as fuel for home l"reating

anrl increaseci inclustrial use of oi1 for fuel and lubrication.

In 1960, 38 11.41 hories usccl fuel oil or irerosene for heating

and by Lg7O, this hacL ciecreasecl to 29rg5o hon,es.17 Sales of
heating oils clecreasecl f rom the L962 peak of 2.O9 million

',;arrel-s in t968.18 During this sai;1e period., inclustrial uses

of oiI for fuel ancl lubrication increased.



-r.( Lr.

Table I

Location and Crude Capacity of Montana Oil Refineries

Name barrelsr/calendar
day

barrels/streanl
day

Big West Oil Co. - Kevin

Continentat OiI Co. - Biltings

Diamond Asphalt Co. - Chinook

E:o<on Co. - BiLlings

Farmerts Union Central Exchange -
Laurel

Jet tr'uel Refinery - Mosby

Phillips Petroleum - Great Falls

Spruce Oil Corp. - Wol.f Point

Westco Refining Co. - Cut Bank

4,967

45,500

N/A

45,000

30,000

1,000

5,700

2,500

3,982

5,500

48,000

1,000

49,000

33,000

N/A

N/A

2,475

4,500

Source: Oil and Gas Journal April 2, 1973.
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TABLE II

llontana 卜lotor Vehic■e RegistratiOn

Passenger cars

T rucI〔 s

Persona■  Tra■■ers

lヽ lotorcyc■ es

ToTAL

286,■00

■7■ ,■ 00

25,362

25,692

508,254

Source: llegistrar of j,;otor Velricles, )eer Loclge, I^ontana, L973'

⌒
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Table III

Montana Sta[e Air Carrier Airport
Enplanement Forecasta
(Thousands of persons)

V

Average Amual
%growth
1970-92 1970   1975   1982   1992

7 .6 Billings

8.8 Bozeman

5.9 Butte

7.9 Great Falls

6.9 Helena

L2.0 Kalispell

6. I l\[issoula

12,0 Wes[ yellowstone

197    227     478     984

22     34      72     141

39     49      76     131

130    195     345     700

23     31      53      97

8。 2   12.9    28      88

38     52      89     162           v

3      9      19      59

aEnplanements only are shown, not arriving passengers.
source: Montana Aeronautics commission, worthie Rauscher.
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Tab■c lv

Ener(b′ Efficiency in TransportatiOn (■
972)a

I o,-jc

brts
ra.ilroir'
autouroi: i Ie
air,.1ane

I ^orle

bicycling
t:'a1l:ing
bus
autonrobile

Passcnger … Intra― city

「
re igl■t _ Inし 。r― city

i lor'.e

.:ii-'e1ine
lJatert,.ray
railroac',
trucl:
i'. irr;1ane

:〕
aSsCngCr ― ェ1ltcr― city

BTU/to,Tlll■ ■e

450
68o
670

..,3oo
42,000

BTU/passcnger― ‖■■c

■,6oo
ル,900
o,400
8,400

BTU/passcngOr i11■■cs

20o
300

。,Soo
S,■ oo

⌒
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Table Ⅳ

Energy cOnsumptiOn in MOntana
TransportatiOn Systems, 1972

V

Transportation Mode 1012BTu

Gasoline-powered vehicles

Diesel-powered trucks and buses

Railroad

Air

TOTAL

52.50

10.57

8.82

4.50

76.39

Source: f f,u"f Oifffi
Department ot ne

niLlion
gallons

H:i" 40
consumed

Figurc I - tgZt l{ontaaa Motor Fuel Consunption by l{onth

――――
=a″

●5e'
一―‐―=ヽ :_。γ

“
S(

″
″´

｀

グ外` 一―ヽ ‐゙

Total= 471 niltion
fgr-a1L gaIIons
uses

Total= 43j.5 g/r'l
for hiway ga1.
u8e

Total= JO.5 nillion
for non gallous
hiway use

ilttI:::rlょ11。lept・
Highway Statistics 197■

V
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′
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Table V shows consumption of petroleum by refinery type tor non-

transportation uses.

Table v

Montana Non― transportation Petroleum

Energy Consumption(1972)

Type of
Petroleum

Enerry Content

(1012 BTU)

Kerosene

Distillate type oils

Residual type oils

LPG

2.18

13.02

9。 23

6.77(1969)

⌒ TOTAL     31.20

Source: Bureau of Mines 1972 Mineral Industry Surveys.

⌒



NATURAL GAS 8.i

Natural gas found with oil was flared-before extensive pipeline and
storage facilities for natural gas were developed. The convenient, clean-

burniag fuel then moved into the markets of other fossir fuels; consumption
waa encouraged by the low rPC-regulated wellhead prices. ldhire coasumption
increased because of the flexibility, convenience and low cost of natural gas,
development of new 8as reserves lagged because of increased exploratory drirling
costs a:rd the low wellhead prices.
Reserves

Although 8as reserves are aot as abuadant as coal in recoverabre BTUs
there are considerable 8as reserves in Hontana. Estimated proved gas reserves
in rontana total two trillion cubic feet.l The Montana Board of 0i1 and Gas
conservation estirnates that the total recoverable gas reaource may total
between six and ten million cubic feet.2 Tabre r estinates recoverable
proved 8as reselses for the u.s. and Hontana for the years of 1950 a,,d 1920.J

(gittioa Crrbic treet )

1950

526

263r?59

capacity of gas reserves ia underground storage wel1s in
211 billion cubic feet.4

l,[oatana

United States

1070

1rlOO

4or7tt6

?he ultimate storage

1971 was estimated at

Production

ilontana has six natural gas processiag plants. Natural gas production



tr .-r

over the past 20 years has been variable, ilepending upon such factors as

erploration successes, the availabirity of canadian gas, d.emand, and

federal regulation. Figure I*shows marketed natural gas production from

1960 to ]-9?L. fhe increase in production in 197O was a result of the dis-

covery and developnent of the Tiger Ridge Fie1d. Montana power now makes

loans to producers to encourage drilling in Hontana for natural gas.

Production had gone down from the 1971 hish, but now production and ex-

ploration have again iucreased. Alnost 58 biUion cubic feet of natural

gas was produced in Montana in Jl9?3.5

Wellhead prices for gas in interstate comaerce are regulated by the

Federal Power Cornmission. The regulated prices are deternined by cost

plus a reasonable profit margin and a1low consumers to receive gas at rates

Iower than the free market price.

Consumption

Since 19JO Montana has annually consuned more gas than has been re-

covered. Only one out of every 14 wildcat dri1lin6s in 1972 was a producer.

Figure 2 shows the relative consunption, production and import of natural gas

from 1950 to 19?1. In l9?2, ??J\8 miLlion cubic feet of natural gas were

consumed in Montana.5

The two major gas suppliers in Monta::a are Montana Dakota Utilities

Company (IDU), serving the eastern part of the state, ed Moatana Power

Company, serving the central and western part. Rural areas without gas

service rely on bottled gas, oi1, or electricity for cooking and heating.

MDU receives its gAs fron fi.elde in Wyorning, Moutana and the Dakotas.

Montana Power, accounting for /O per cent of retail gas sales in the state,

receives only 2O per cent of its gas from Montana fields. The remaining

*Tabies and figures fo]low text of section.



80 per cent is piped in fron

and less expensive to inrport

reservea . Sixty per..oent of

sources the power conpany has

of state firns, however, have

Midwest.

fields in southern Alberta

cheap Canadian gas than to

Uontana Power natural gas

tleveloped or purchased in

developed Montana reserves

8rl
because it is easier

develop Montana

is from Ca-nadian

A1berta.7 Olt

for shipnent to the

fhe National Energy Board of canada which has the authority to deterniae
established. reserves, market requirements and exportabre surpluses for
canada has crrt blct exports to Montana after finding canadian Jo-year
reserves deficient by 1.1 trilrion cubic feet. The policy of assuring
future ca:radian domestic supplies first resulted in decreased exports as
werl as increased prices and royalties. However, additional drilling has
proven enornous reserves of gas in the !,racKenzie Delta and rrtic rslands,
so there is some optimism about beiug able to obtain future gas supplies
from Canada.

!he consurption of

Because of the 1ow cost

use it instead of coal,

homes were gas heated.

heated..8

rndustrial use of gas is growing at a faster rate than residential
use in the state (Figure J). Table II shows the quantity of gas used by
different sectors of the l'toatana economy- The Anaconda company is the
largest user of gas in the state; in I9?2, it consumed 12154910@ million
cubic feet (McF) ror its operations at Butte and Anaconda and another
515r0oo MCF at its columbia tra1Is aluminum ptant? ,he new Arbiter copper

gas has increased in all sectors of the economy.

and conveaience of gas heat, many Montana homes now

wood or oi1 heai. In t95Or 4J pe" cent of Montana

By 1970, 73 per ceat of l,lontana homes were gas
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reduction plant at Anaconda will use an additional 1rg24rooo McT,per year

when it begins ope"u,tion.1o Ihe second largest user of natural gas ia the

Hoerner-waldorf corporation paper plant near Missoula. This plant used

4r4e6rooo McF in l9?z-11 A o", plywood plant in Bonner, now being con-

structed by champion-rnternationalrs u.s. plywood Division, and a pro-

posed )0 per cent expansion of Hoerner-Waldorf will also use large amounts

of natural gas.

Some adclitional requests for industrial natural gas have been denied

by Montana Power Company because of the uacertainty of receiving additional
Canadian gas.

fhe generation of electricity consumes only sna11 amounts of natural
gas in the state. l'[DU operates a 2O megawatt turbine near H:iles City for
reserve electricity which uses natural gas. Small amounts of gas are used in
the coal-fired J. E. Corette plant in Billings for flame stabilization.12

Montana Powerrs Frank Bird plant can be run on eithor gas or oilo but due

of the scarcity of natural gas, is fueled by oil.

Transportatiog

Montana has a total of 5r1ro nires of gas utility main pipelines, in-
cluding 1,r50 miles of field aad. gather pipelines, zr?3o miles of traas-

missj.on piperines, and 2rz5o miles of distribution pipelines.rJ

Northern Natural Gas Conpany and Montana Power Company both have gas

pipelines to Montana from Canada. MDU has a pipeline from North Dakota and

l{yoming.

Imports and Erports

Montana does export some natural gas but is a net importer. Imports

of natural gas have steadily increased from 21.2 trillion BTU in I95O to
61.2 trillion BTU in 1921.14 (r"" figure 2)
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Quantity and Value
to Montana

Table .f

, of Natural Gas Delivered
Consumers: 1972

Quantity (million)
cubic feet)

Value (thousands
of dollars)

Residential

Commercial

Industrial

Electric Utilities

Other Consumers

23,787

16,521

33,192

1,218

2,630

77,348

22,979

11,416

L2,679

418

1,273

48,764

Source: Bureau of Mines Mineral Industry Surveys, 1972.
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OIL AND NAttURAL GAS EXPLORAT10N POTENttIAL IN MONttANA

tr\rture oiI exploration potential in Montana depends on regional trends

in oil and gas production. Location of Alberta oil fields to the North tend

to be aligned wi.th those of the Wyoning, Colorado and Utah fields to the

South, but there appears to be a Montana coutinuity readily observed in the

Rocky Mountain Region Oil and Gas Field I'lap, published in the April 1974 issue,

Western Oil Reporter*.

Favorable geologic basine are analogous to those of adjacent states,

are i-n Montana. Most of the inexlpensively-drilIecl, shallow geologic structures

and potential oiI traps have been drilled in Montana.

The Rocky Mountain states are known for their generally smalI geologic

structures and traps, some occurring at great deptls. Although some of these

are stil1 being explored, in Montana and adjacent states, most current domestic

erploration drilling activity is on the United States Continental Shelf areas

where 1arge reserves are likely in single pools. Continental Shelf exploration

is risky; costs are high. But the anticipated profits also are great. Eor

these reasons, only limited amounts of risk capital have been avail-ab1e for

exploration activity recentlY.

Only in the Williston Basin has Montanars deep-oi1 producing potential

been well tested. Deep tests are expensive, requiring a favorable business

climate. Deep tests can reveal sigaificant new reservesr r*hich could yield

volumes of oil and gas exceeding previous discoveries in llontana. Virtually

untested geologic basins of the southwest and northwest Montana also could

yield sizeable new oil aad gas reserves. Eq>loration activity in large areas

of central and northern Montana also could likewise lead to sizeable new oil

reserves.

* Included here with permission of l{r. Donald }Iart, Publisher.

〔りt,

⌒

⌒
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Expanded use of secondary and tertiary oiI recoyery techniques easily
could yield net' reserves equal to those already produced to date in 11ontana.

Because of Montanats untappecl oi1 potential, a conservative estimate
of potential developable reserves exceed,s 2 birlion barrers of oiI and 2rloo
birlion cubic feet of natural gas. such development would require nev, ex-
ploration and production incentives, however.
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L AND GAS

Exploration for oi1 and gas can cause temporary land disturbances.
significant probrems are blowouts which can result in the escape of oir or
gast air pollution resulting from the flaring of ,sour, gas or burning oil
in waste pits (most reject gas which used to be flared is now reinjected into
the well)' poteatial ground aud surface water contamination resulting from the
disposal of brines which are sometimes produced with oiI (this problem may be
solved by removing the salts from the water before disposal), and disposal of
solid wastes (e.g., drilling muds).

RefininE and processine

The refining of cnrde oiI or the processing of natural gas could porrute
water' air' or soi1, but most plants have adequate environmental pollution
control equipmeut installed. some solid and liquid by products (especialry
flrIfur from gas processing plants) are potential environmental problems
because they are comosive or toxic and could be leached into the enviro[ment.
These problems, however, can be controlled.

A chief environmental problem associated with the transport of natural
gas and petroleun has beeu the possibility pipeline ruptures or leakage. oil
spillage may contaninate surface waters and possibly hurt aquatic life; gas
from pipeliae leaks or breaks evaporates quickly but posea a sigaificant fire
hazard' Pipelines may interfere with wildlife migration patterns and water
drainage' stored oil and gas, of course, is always a fire hazard, and threatens
the same inpacts as transported fuer in the event of a leak.

‐ |
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OIL SHALE

One source of petroleum is oil shale, a fine-grained, compact sedimentary

rock containing an ojly substance called Kerogen. Formed from aquatjc life
(a1gae, spores, and pollen grains) and mixed with'inorgan'ic components of the

shale, Kerogen is petroleum formed at inadequate pressure and temperature.

Unrefined oil shale has a variable composition, but in general has more

nitrogen and less hydrogen than petroleum. 0il Shale can be refined to yield

fuel ojls, diesel fuel, gasoline, jet fuel, and liquified petroleum gas (LPG)

as well as oi1 by-products.

Qil shale yields at least 10 gallons of oil per ton or rock; most developed

deposits yield between 25 and 65 gallons per ton.l

The U. S. has the worl d's l argest o'il shal e deposit. Braz'il has the second

largest and China, USSR, Republic of the Congo, Germany, Ita1y, England, France,

Sweden, Canada and Theiland have substantial oil sha1e r"serves.2 The most

extensive and valuable U. S. oil shale reserves are found'in Green River Formation

in Colorado, Utah, and Wyoming.3 The shale depos'its in this formation cover about

16 million acres, some of them as deep as 7,000 feet. Most of the high-grade shale

is found in the P'iceance basin of Colorado which contains 80 billion barrels of

recoverable shale oil. The shale deposits are more than 30 feet thick and have an

oil content of about 30 gallons per ton.4

Very small and scattered oil shale deposits are found near Lewistown. Some

have a yield of oil as high as 70 gallons/ton.5

Converting oil shale to petroleum-analogous products is not yet commerc'ia11y

feas i bl e al though there have been experimental o'il shal e pl ants 'in operat'ion for

some t'irne. One of the most promising methods'is the Toscoll process.6 The oil
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shale is mined and crushed to half-inch pieces, preheated with hot flue gas, and

mixed with hot ceramic spacers in rotating drum. The Kerogen is converted to

hydrocarbon vapor by heating the crushed or to 900"C. The vapors are then drawn

off, condensed and treated in conventional oil processing units. The ceram.ic

spacers recycle to a heater. The processed shale'is cooled, moistened and transferred

to a disposa'l site.

The result'ing crude oil is processed at regular oil refineries into gasoline,

iet fuel, fuel oi1, liquified petroleum gas and oi1 by-products. It can be pro-

cessed to remove sulfur and nitrogen to produce high grade fuel oil or high quality
raw material for natural gas production.

There are serious problems with shale oil--reclamation of shale waste-disposal

areas and the h'igh water requirements for the distilling process. About half of
the water used in oil shale processing is sprayed on spent shale to keep the piles
from eroding or blowing away. Runoff can be highly sal'ine, makjng it unfit for
irrigation or municipa'l consumption and perhaps a threat to wildl.ife.
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HYDROELECTR I C ITY

Montana's extens'ive river systems have provided numerous hydroelectric dam

sites for Bureau of Reclamation, Army Copps of Engineers, and private uti'litjes
development. Hydroelectric facilities still account for about 85 per cent of the

generating capacity of the state (See Table I in Electrjcity Section). However,

when Colstrip Units No. I and No. 2 are completed in 1976, the figure will drop

to 66 per cent, even if Libby dam's generators are in full operation by that time.

Developed water power capacity in Montana totaled l512 megawatts in .l968..|

This was 43.2 per cent of the hydroelectric capacity of the Rocky Mountain states

and 3.ll per cent of U.S. capacity.2 Low cost hydroelectricity has encouragerl

the high per capita consumption of thjs energy in Montana and has encouraged

energy-i ntensi ve'i ndustry.

Hydroelectric plants are relat'ive1y long lived and have low operating and

maintenance costs and do not emit neither air nor water pollut'ion. However, the

aeration of water over spillways does increase dissolved nitrogen in the water

below which may be harmful to fish.

Unl'ike nuclear and coal-fired plants, hydroelectric dams do not consume

water. They can easjly adjust to vary'ing electric loads and are efficjent.

If coal-fired power plants are bu'iIt in eastern Montana, hydroelectric

plants will be used more and more for system peaking capacity. Peak'ing capacity

is defined as that part of a system on'ly used during high electrical demand.

The amount of peaking capacity available from a hydroelectric plant depends on

operating fimitations (rate and amount of change in reservoir elevations allowed

by conflicting water uses), stream flows, reservoir storage level and capacity,

and maintenance of downstream water quality and condit'ion.

Hydroelectric capacity could be augmented by insta'lling additional generators

at existing power plant sites, developing pumped storage facil'ities and constructing

dams. Add'ing generators to an exist'ing site does not increase a reservojr's
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total energy storage but'it can increase'its peaking capacity. The possibility of
additional turbines at Kerr Dam, at the south end of Flathead Lake, and at Ft. peck

Dam on the Mjssouri River is being studied by Montana Power Company and the Corps \/
of Engineers respectively. The utirities have indicated, however, that they wirl
be looking to coa1, not water, to provide the bulk of new generating capacity.

Except for increasing the capacity of existing generator facilities, there
is strong opposition to further development of electric dams in Montana. An

additional 7781 megawatts could be developed. Table II in the electricity section
shows a number of proposed hydroelectric facjlities. However, Libby Dam (scheduled

to begin production by .l975) 'is the only major hydroelectric project funded and

under construction. One economically attractive project is the proposed A1 lenspur
Dam near Livingston. Those opposing construction fear loss of fjsh and wildlife
habitat and agricultural land, loss of the nation,s longest remajning free flowing
river, forced relocation of the people, and flooding of yellowstone park.

V
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爾胴錮 RICITY

t

within the west Power Region which includes one-third

area (excluding Alaska and Hawaii). c?raracteristic

this region are large loads along the Pacific, long distances between load.

centers, and spotty distribution of energy resources.

Montanars electric power plants are coordinated with those of other states
in the region by coordinating committees that represent utility companies.

The desire for reliable and profitable electric energy has 1ed to interconnections

between these utilities. West Power Region utilities jointly own large generating

plants, use seasonal load diversity to share reserves, and coordinate construction
of power plants- The Montana Power Company is a member of the pacific Northwest

Coordination Agreement (PNCA), Western Systems Coordinating Council (WSCC),

Associated Mountain power Systens (AWS), Rocky Mountain power pool (RMpp), and

the Northwest Power pool (llWpp).

A variety of fuels are used to generate electricity in the west region.

Hydro-power has been a major contributor in the past, but stean-powered. gener-

ation will become more important because remaining dam sites are scarce and

usually environmentally undesirable.

rn the west region, erectricity sales are accounted. for this way: j4
per cent in the industrial sector, 7o.3 per cent in residential and rrgal uses,

20.] per cent for commercial, 5.4 per cent for street and highway 1ighting,
electrified transport and other usesr and 10 per cent lost in transnissior.l

Power requirements for the west region show annual peaks i.n power use is
in December, January, June, July, and August.2 Daily peaks occur midday and

?early evening.-

Most of Montana

the United States

1i.es

landｆ

　

　

ｆ

０
　
　
　
０
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GeneratiOn Of Electricity in Mbntanュ

rn 1plo' about 87 p"" cent of l{ontanars electricity carne from hydro-
erectric pJ'ants (the comparabre national figure is less than 15 per cent).
conventional steam plants produced u per cent of the electricity for Montana
(nationally: 82 per cent by conventional stean plants, and 2 per cent by
nuclear and gas turbine plants)-5 This table summarizes the generation
picture:

U.S.         Per Cent

TOtal                  .,5ぅ
。,609         100

SOurce:  u.s. statistical Abstract (Dept. OF COmmerce)

Montana

8'?45
1,281

Per cent

87
■う

10,026

■971.

10o

of the erectricity generated by steara plants in Montana, go per cent is generated
by coal' 18 per cent by natural gas, and 2 per cent by fuel 0i1.6

The geaeration of electricity by coal is discussed in the coal section ofthis report.

UoS.            Montハ ha
Fuel

Coal
Fue1 0il
Cas
Nuclen,

Total

Source:  uose

706,lo2
182,488
372,884
2■ 9979

■9283,27■

966
14

228

1,208

Statistical Abstract (Dept。
 Of comlnerce)■ 971.

V

(Mi                     rs)
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Capacity

Montanars per capita electric generating capacity in kilowatts is
higher than per capita capacity in the U.S.

Capacity per capita (Kilowatts) 1968

Montana 2.64
u.s. L.55

Source z l97O Montana Data Book (Planning and Econonic Development Division,

Department of Intergovernmental Relations).

Montanars electricity capacity in 1958 was about 23 pet cent of the Rocky

Mountain statesr capacity and .58 per cent of the u.s. capacity.T

Load Centers

The largest demand centers for electricity in Montana are Butte-Anacond.a,

Helena-Great Fa11s, Ka1ispel1-Missoula, and Bi11ings, with peak demands of 55l.,

25O, 1?7, and 1J8 megawatts respectiv"ly.S

Drports

Montana is a net exporter of electrical energ"y. Of the 10.55 billion

kilowatt-hours of electricity generated in Montana in 1971, 9.21 billion

kilowatt-hours were sold in Hontana, and 1.44 billion kilowatt-hours were

exported. Some private utilities in the state rmrst import electricity, however,

particularly during peak load periods. Montana Power Company imports up to

2J per cent of its load annually.9

Some electricity generated in the state is not connected to Montaaa supply

lines. There are three federal plants east of the Continental Divide including

Fort Peckr Canyon Ferry and Yellowtail Dams. Ihe power from these three in-

stallations is marketed by the Bureau of Beclamation. Mtrch of the power from

Yellorvtail goes to rural electric cooperatives in the Dakotas. fn addition;a11
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the power from l/ashington l'/ater Power Companyrs Noxon Dam in western l"lontana

goes to Spokane, l/ashington.

Montana electricity exports will rise significantly vrhen Colstrip units
No. I and No. 2 are completed. Fifty per cent of the net Colstrip output (or

Jlo-megawatts) will be exported to puget sound power and Light compan;7.

According to Montana Power, the cost per kilowatt-hour r*iIl be ress ruith

two units at colstrip than with one. fhe proposed colstrip units irlo. 2 and

No. J are erpected to export about /o per cent of their enersr to other
Northwest Utilities.

Historically, most electricity generated in Montana has been consumed

by a smaIl number of enerry-intensive industries. These companies consume

two-thirds of all electricity sold in the state. rargest among the inclustrial
consumers is the Anaconda Aruminum company reduction plant in columbia Fa1ls,
which consumes about a third of all electricity used in the state. Table rv
lists other large users.

rndustrial users use of electricity is growing at a faster rate than
total electricity use in the state. tr'igure 2 shows that total electric use
during the 195o-19?2 petiod grew at, 5.18 per cent a year while use in industry
grew by 6'8 per cent a year- rtre Arbiter copper reduction plant, now und.er
construction at Butte by the Anaconda company, will increase the industrial
eaergy load by 20 megawatts.

Resideutial use of electricity is increasing due to new home construction,
increased use of electric heat in rural areas and air conditioning in all areas,
and increased pump irrigation by farmers. The sales of electricity by class
of customer are shown in Table V.
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As Table VI shovrs, the }lorthwest is the only region in the country where

sumrner peak loads are consistently less than December peak Ioads. North,,rest

utilities need power to saf,isfy high residential and commercial demands of

winter. Southwest aad South-Central U.S. utilities experience their peaks

in summer because of the great denand of air conditioning systems. It would

seem that with cross-country interconnection, fener aev, generating facilities
would be needed in the Northwest if it could share loads with the Southwest or

South-Central states.
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Table I
Consumption of Energy ln

Electric Generatlon
Montana L9?L

Tril■ ion BoT.U.

Coal L?,4

Petroleum 0

NaturaL Oas 1'I

Hydropower 98,3

Nuclear 0

TOTAL 115.8

Source: Dupree and lt{est' Bureau of Mines. N. Great Plains
Reiources Program. "National and Regional, Energy
Consideratlons. "
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Table II
Proposed ELectric Generating plants

Coal Fired

Owner Name MW Capacity On-line Date

I{PC q!. a1. Colstrlp III ?OO

I,IPC .d,. al. Col_strip IV ?OO

Unassigned 500

z/za

? /?e

by 1pB2

Hydroelectric
Agency Name MW Capacity River

Publie Long trleadows g yaak

Public Kootenai FaLLs )60 Kootenai
Public Libby Rereg 4ll Kootenai
Private Buffalo 2 120 CLark Fork
Publie Buffalo 4 I20 CLark Fork
Public Quinn Springs 1Og Clark Fork
Publie Quartz Creek 16l+ Clark Fork
PubLie Knowles 5L? Flathead
Publie Smoky Range TO Flathead N. Fk.
Publie Spruce park 3BO F,lathead M. Fk.
Public Ni:remile prairie gZ Blaekfoot
Publie Allenspur ?SO yellowstone

Source a L9?o Nationar power Survey, Federar power comm.
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Table IfI

Major Montana Generating Stations

Name of Plant MW Capaeity Type Ownership

⌒

Canyon Ferry

Cochrane

Fort Peck

Frank Birdl

Frank M. Kerr

Hungry Horse

Morony

Noxon Rapids

Ryan

Yellowtail

Lewis and Clark

J. E. Corette

Libby

Colstrip l

Colstrip 2

Hydro

Hydro

Hydro

Steam
(oil or gas)

Hydro

Hydro

Hydro

Hydro

Hydro

Hydro

Steam

Steam
(coal-fired)

50。 0

48.8

165.0

69。 0

168.0

285.0

45。 0

282.9

48。 0

250。 0

50.0

172.8

420.0

360.0

360。 0

Under Construction

Hydro

Steam
(coal-fired)

Steam
(coal-fired)

Bureau of Rec.

Montana Power

Corps of Engineers

Montana Power

Montana Power

Bureau of Rec.

Montana Power

Wash. Water Power Co.

Montana Power

Bureau of Rec.

Montana-Dakota UtiIities

Montana Power

Corps of Engineers

Montana Power/Puget
Sound Power & Light

Montana Power,/Puget
Sound Power & Light

lonly occasionally operating due to high fuel cost.

source: Federal Power comm., '?Principal Electric Facilities North-
western Region. It
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Table V

Sales of Electricity in Montana 1971

⌒

Class of Service Milllon KWH       Percent

Residential l5I4 ,L?

Sma1l Commercial and Industrial l?54 .13

Laree Commercial and Industrial 6O?9 .56

Service and Highway Lighting fi under.l
0ther Public Authorities I13 . l
RaiLroads 80 under . l
Interdepartmental ?l under .I

TOTAL      9214

Source: Edison Electric Institute L9?l Energe Sales--
Tota1 Electric Utility Industry.

⌒
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TABLE vI

Surnlner Peak Loads]Expressed as Percentage of

Peak Load for the Following December

V

Area 1968  1969  1970  1971   1972   1978 Forecast

Northwest

Southwest

South Central

72    81    82    77    73         80

99   105   102   104   101        lo8

143    151    153    146    143        146

Source: Edison Electric Institute 53rd Semi-Annual Electric Power Survey.

V
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CONSERVATIol1 0F ELECTRICITY

Ilate il.estructure

Sicinificant e■ cctricity conservation cOu■ d bcgin Titl_ こ1

rcstructur■ ng Of ratcs.

Tl■o bu■ 1こ user of e■ cctricity pays ■css l)cr lこ■■01fatt_:10u r

tilan Other consulllers.  Historica■ ■y, this rate structurc lias

encouraged consunlptiOn of essentia■ ■y suriD■uS Cncrctr, but this

i〕
racti_ce a■ sO encOuraged wastcfu■  and evcn l)rof■ igatc energy

use.  Today therc is nO surp■ us of polfer; ti10 uti■ itics il■  t lle

lごorthwest llavc prob■ enls illeeting e■ectricity del■an(ls i101ゞ , an〔l fOre―

casts fOr shOrtage are collling。  
「

or this reasOn, ratcs tilaし  c ll―

courage low― cost c■ ectr■ c■ty scenl unlv■ se。

ltate restructure of various fue■ s llas been a〔 lvocate(l to en―

cOurage industry and cOnrllercia■  establishments tO cOnscrve

fue]_。   Ratc rcstructuring assumes that the cOst■ icr tlle energy,

tlle nlorc conscrvativc■ y industry tfi■ ■ bc in tls」 _n〔: ite  T:lj_s, Of

coursc,(lerrcnc・ S uPOn 、「llat ccOnOnlists ca■ ■ tllc l〕 ricc― c]_asticity

of thc de口 an(1。   3ollle increase in the pricc Of gas, e■ ectricity,

and oi■  wi■■ bc inevitab■ e bccause of tlle scarcity Of ■
‐
uc■ 3 an(1

主1■ f■atiOn.  工f tile 〕rice increases nluch fastcr than rea■  income,

tltere l■ay be a da■lpening effect on del■ an(1。   ■f tllc iricc Of

c■ectricity increascs s■ olver tllan incOlne incrcases, tllerc lilal

Dc ■ncrcasc(1(cllland。

i.ontana t s r::listing rate structure for clcctricit;, Ls i-rasc.l

ot-t tl-le '-'rci..-isc oi clecreasin{ r'rar,.jina1 costs. j'.s i.tot..t. clccl-rj.c,i-t-,'

V

V
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j-s solrl, this rrcii:ise ho'1cis, the average cost :er l:ilorr'att-liour-

of' ;-.iaintainin: tl^e :;olr'€r ,r}ant is decreaser*.

Tltc ,;ret.:ise ancl its conclusion are r1o longcr valii', lLorrrcvc:r.

Sccause of l:igl:er costs for labor, capital goorLs, scarce resourccs

intercst ratcs anci environrirenti:1 protection, o€1r, !)ot"ier rrlants arc

becor,rin5; incrcasingly rnore e::pcnsive to builcL. The ilontana por.,,er Co.

estirratcs that costs have cloublecl in six years. Since most

ltvrlro-electric cLarn sites are occupicd, the corlrpeny has chosen to
buil_u coal-fire'-l :lants, r+liich are much rlore expensive to

builci antl ntaintain than hydro-electric unitsr to meet future

i)ol'rcr <letnands. Consumers are not getting the a1:propriate econonric

sigr-rals r'riren they are charge<l less for using adrlitional ener,ly

cvc)l) tliough costs for the aclc'-itional capacity to ureet the cle-

i,ianc. are greater than costs for existing cai:acit5'.

The existing rate structurc also fails to rcflect trle

corlsu,.,crls contribution to thc 1:eali J.oac'.. Plant capacity, t,rans-

i.,-ission antl ilistt'illution netrr'orlcs must all be acieauate to rneet

thc i:cal: <l enlanc.. f i-rerefore, it seems reasonable to change i)ro-

,rortionatcly lar'6cr amounts for electricity Celivercd c'luring the

;:cahs. ilut niost elcctric rates today arc the sanle during peak

antl of f-i:ealt periods. This i-rractice tencls to give consllr;icrs

tlre ir,,r;r'cssion tl-rat using more power rccLuces thcir. long-rur-r

ir.verage costs. Actuallyr it has tl:e oi:positc effcct becausc

5he r.i.<-itional (c;:pensive) ca;:acity must be built to neet tlie

increasing Cemancl. A utilityts long-run cost of servicc anci

ratc ;:cr' lti1or..'att-hor:.r is 1-argely cLeterr':rinccl by capital cost.

It is ir.il;ortant therefore to relate periods of peak den:ancl to

a.cl<ritional costs of rnccting those demancis ancl to reflect this
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rclatiorlsirip in the rate structure. Table I shor.rs the tlrrcc
main classes of customers ancr the rates chargecl then.

TABLE I,.- CUSToiIERS AND ItATES (■ 972)

Consumption
of tOta■

V

Class

Residentia■
C ollulle rc■ a■

Industria■

Sourcc:  110ntana

2。 25
2。 03
0。 75

Pub■ ic lntercst

20.1
L7 .1'
,li6.L

ii.esearch Grour-.

Average
Charges

( cents ''<r.,'h) e■ectricity sO■ d
(per cent)

Contrii:r-rtion to
total .r€v€ouer

( ;rer cent )

^/jO o J
DC !.-L o:;
t\4 a
' / o ')

(t^ol;ti.t:-:c )

1lontana shOu]_d study whether current rate structures arc rcason―

ab■c an(l fair.  1こ Ot On■y the amOunt cOnsullled, but a■ sO the ti■ le Of

consunlptiOn shOu■ d be cOnsidcred.  If cOst tO tllc custOillcr V・ ere

highcr during pcak dclllan〔 l perio(ls, sOnle of tlle ごlelllanご  illi`illt sitift

to off-lleall ileriOds, illlproving tlle systell ■Oad factOr ba■ こ1‐lcc

bec alise ■t is ■Ore cffic■ ent to supp■ y a stcady delltall(l tll〔 、11 ■t itc

to recoll10ご atc d f■uctuating Onc that has lliJll l)cal(s bllt gcncra■ ■y

■01f dc■land.

Tl〕 e l)Ossib■e ecOn0111ic illll)acts Of a■ ternativc ratc structurc

sllou■ 〔l be ana■yzcd t110rougl■ ■y tO avOid econO■ lic disI.1■ :tion.  FOr

exalnp■e, if tlle cOst Of 卜10ntana c■ cctricity lrere tO l〕 しc01■c too iligl.,

g00ds producccl in l.10ntana miglit not bc as cOmpetitivc。   ェ11(lustry

l'1土 ght re■ Ocate, depen〔 ling on the amount Of c■ cctricity rctuircて 1,

the tlc(lrcC tO IヽIlich efficicnt lllachines, hulllan l abOr ■11‐  fOss Ll

lrucls cou■ d rcp]_acc cl_cctricit y, the extcnt tO l「 :l土 ci〕 tllc inilust r■ ‐

c olni、 ctcs with Out_Of― statc firllis, anご  its ごepenilencT´  011 1101■ t,■・「

I｀C30urCCso  of cOursc, at ]_cast a _)Ortion Of ally t■ cr〔 asinfi cの 3t

i_s u■ t ililatc]_y .113 SCご  a■ Ong tO thc cOnsulller.
V
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Llcct.ricity Corrservrtion Sullilcstions

InsrrIl.tinli t.irc Clrcrat Irrrloor.s;

i,orrtana utilitics rniglrt lool; -Lnto sl-:onsor"infi lorv-cost loancl

for atltr.etl insulation for its all-electric resi<l.entia1 customers.
ir-!,r]aste heatrt from electricity ltrocluctior5 usua11;r in the forni

of stcai:L anc'hot r.,,ater, riocs not lrave to be r,rastetL. Steam can be

soltr for intiustrial use or for hea.ting ancl cooling of resiCential

ani-l co:lur,ercial clistricts. At Colstrii:r solne of the r.raste hea'b frcxr

the i)o1'Ier plant coul<'be usecl to heat tlre tor..'r:. Sor.re of the lreatcll
'r.":ter cou.l-cl- l:e use<' in se\*a{-Tc treatnlent. lleatecl conullcrcial qreen-

ltouses can raisc f ood J,cor t rouncl .

;':not!'.cr very ;rornising Lrse for r,t'aste heat frorn i)or{er ;:Iants
is .:euLcu]-tlr,re. Areas of tl:e Pacific coast ncar ;)or.{er pla.nts arc

su...:ortini" i:.a.n-r:;.rle colonies of o5rstcrs, rr'lricl-l batlre in hot rr'ater

r'iscl-':rjes fror;: the ,rlants. In California, algae is gror,rn on the

cor,:l:ination of lieatecl. irower plant effluent ancL seh'age, resulting

in an ine>::';ensive Eource of nutrj-tious aninal feed. The sales of

the algae for feerl pays for the setvage treatment. Algaer or single

ce1l protein, also can be used for human food, although it has a

grcen teste. It is possible, hor,rever, to flavor ancl texturize

thc product to mal.:e it more palatible. The possibility of growing

livestocl< feecl using heated porver plant water in llontana shoulct

be investigated.

A project sponsorec', by Portland General Electric Conipany,

Pacific Porr'er anci Light Company, Boeing Company, and Eugene l'Iater

anc'l Electric Boarci is investigating the use of waste heat fronr

⌒
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Power l〕 ■ants and pOssibi_■ ities fOr ul)gracling the encrlly to uSabl_()

■cve■ s (eog。 , the stealll― b■eed― off― syste■ t and heat i〕 ul■ 1, s5rst c:,).

Tl■e A■urinu■i CO■lI,any of Arlerica is testinご  a systC■ l usin〔 1

waste heat fr011l po、ver p■ ant stacl(s tO purttfy lv〔ttcre

l● Searcll and d9ve■ opllcrt

The fo■ ■olfing areas neetl furtiler rescarch:

Ae  Convcrs■ on tcchnO■ Ogy

■.  Energy stOragc systens uti■ izing phase―cllange lllateria■ s,

batterics, capacitOrs, I)u■ lped stOrage, f■ ylfl■ eel_s, c o lll―

pressed gas, hydrOgen.

2。  110re ёfficient polfcr gcneration equipinent。  (T01)1)ing

cyc■es such as gas turbines, 11lagnetOhydrOdynamics,

supercritica■  and potassiunl val)Or systenls; bottollling

cyc■es using almnOnia vapor for converting rejectc(1

11eat intO usefu■  energy; fue■  ce■■s。 )

3。   SO■ ar cnergy systcllls for polrer gencratiOn.  sl〕 ccific

research on l)hotovO■ taic ce■■s, 1)roperties an(l ratlia_

tion stabi■ ity of l)■astics, lli(Ih tcnli)crature cllarac_

tcristics Of sc■ective ol)tica■ cOatings fOr sO■ar

energy convcrters, rcduction of pr■ ce an(l increasc

of rO■iabi■ity of s01ar converters.

Bo  Transm■ss■On

■。  IIigh―capacity, ■ong― (listance underground translllissiOns.

2。  〕IiObiun―
l‐
3■ ated col)1)｀ 〕1' 1)il〕 e for supercOnctuctttone

3.  IIigh― vO■tage direct ctlrrcnt ancl cryOgenic cab■ c systcllls.

4.  Ultra― high vO■tage a■ ternating current systellls。

5.  Ifigh_vO■tage direct currcnt transillissiOne

V
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(: . (,r:nerat ion

1. llevelorn;ent of rnaterials to withstanding higl: ter,rirera-

tures an<i ilressures.

:. Improvccl nuclear rrlant safety.

.l . Ceotherural, solar', i;i-rrrl generation systems .

Putting sarchar.qe on peak i:ower use

Tlris coulcl be effective in conservation if the <lifference in

non-peal< ancl pealt prices rvere signif icant. There rr'ouk'r be an

expense i.n changing electricity nieters.

Loohinf to the future

Irontana cLoes not and cannot CepenC on lryciro-elcctric llott'er for

all its electricity, r\s thc pohrer demancls groh', liyclropower rsil1

probably be reserved for peaking.

⌒
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GEOTHERMAL ENERGY

Geothermal means literally itearth heat.tr This heat results from the slow

decay of radioactive elements and from frictional forces. With our present

technology drilling depths of ?.5 kilometers have been achieved and someday may

reach two or three times that depth. Ilowever, the depths from whi.ch vre may

economically extract the earthrs heat seems unli.kely to exceed 10 kilometers.I

The average amount of heat which flows to the surface is very small anri

would have to be concentrated considerably to be considered as an energy source.

There are, hovreverr areas in which molten rock is, or has been, much closer to

the surface. It is the areas in which natural heat is concentrated close to the

surface that economic exploitation nray be possible. In this context, geothermal

heat is similar to mineral-s or pebroleum in that it becomes economically exploit-

able when found in sufficient concentrations.

Geothermal Energy in Montana

A potential geobhermal energy site was discovered near Marysville in 1955

by Professor David Blackwell (Geology Department, Souihern Methodist University)

while he was conducting heat fl-ow surveys in the Rockies. The area has one of

the highest geothermal gradients on the continent. Battelle Pacific I'lorthwest

Iaboratories is conducting a three year study on the area under National Science

Foundation funding. Another high heat gradient has been found at Butte. In

additiont there are a number of hot spri-ngs j-n western Montana and hot groundwater

is found in some eastern Montana weIIs.

A 121763 acre area in Montana near Yellowstone Park is classified as a known

geothermal resource area.2 More thnn l.B million additional acres nre classified

a6 prospective geothermal sites.J

Montana has the basic requirements for geotherrnal

has evidence of terhiary volcanic instrusi_ve activity.

state is faulted, the mountaj_ns in that area are fault

state has high volume aquifers.

"r,.".gy.4 lfuch of the state

The western part of the

block mountains and the



The following are potential geothermal areas:5

l. Upper Yellowstone River Val'ley-this area has thermal springs.
Some (e.g.Chico) have been used for recreation facil'ities. Hot
water escapes through faults probab'ly from Tertiary intrus'ive body
in the Beartooth l'lountains or perhaps from volcanic activity in
the Crazy Mountains.

2. Mocassin-Judith Mounta'in Area-Big Warm Springs a large thermal spring
is on the north side of South Mocassin Mounta'ins. Geothermally
heated water comes through faults in the loccolithic Tertiary
'i ntrus i ons of the area.

3. Little Rocky Mountain Area-This area has several warm springs
coming out of limestone of faults from Tertiary instrusive masses
which comprise the core of the mountains.

L2;

4. White Su'lphur Springs area-A major fault is thought to be under the
city of White Sulphur Springs and might be the pathway for heat from
Castle Mountain instrusive body or other nearby cooling body.

5. Boulder Bathol'ith Area-Several thermal springs surface along fault
lines in this area.

6. Idaho Batholith Area-The eastern part of this area lies in Montana
and is a source of dry geothermal heat.

7. Beaverhead Area-Th'is area, south of the Boulder and Idaho bathol'iths
has thermal springs. Drilling for uranium has revealed warm water
beneath Big Hole Va11ey.

B. Snowcrest-Gravelly Range Area-This area west of Yellowstone Park
has a heat source probab)y from deep igneaous instrusions.

9. Madison Group Area-Hot water wells.

GEOTHERMAL SYSTEMS

D'ifferent geothermal areas vary according to geological and hydrologica'l

characteristics present at each site. The type of system present determines the

type of extractjon and production techn'iques, and to a lesser degree the type of

exploration methods which are used in the development of lthe field. The system

variatjon is based largely upon the method in which heat energy is transferred

at explojtable depths.

A. Dry Rock Systems

Conduction is the dom'inant means of heat transfer through solids and therefore

the earth's crust. In a largely dry rock conduction system, temperature generally

increases continously with depth to the interface of the Moho. Differences in
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heat flowing through dry rock in various areas of the world arise as a function

of the depth of the heat source, the thermal conductiv'ity of the crustal rock,

and the thermal gradient. At present there are no dry hot rock systems being

exploited, although the technology is currently being deve'loped, as will be

discussed later.

!=-tlu:-{-$Xtems-

Convection js the other primary heat transfer mode present in the earth's

crust. This occurs when flu'ids are heated and rise as a result of thermal expansion

and lower specific grav'ity. Cooling fluids or cooler ground waters replenjsh the

cycle of c'irculation which'is driven by heat furnjshed at the base of the system.

In a convection system the temperatures tend to be greaterin the upper portions

than'in the ilower parts due to the nature of the system. There are two basjc

typesof water convection systems which cliffer accord'ing to the physical state of

the water.

I . Hot l^later Systems

Hot water systems are characterized by water in the liqu'id state, although

it may be at pressures greater than hydrostat,'ic. In a major convection system

water serves as the medium by which heat js transferred as jt moves from a relatively

deep geothermal heat source to the surface or near surface. Cool ground waters

seep into the penimeters of the geothermal system due to the'ir higher dens'ity in

relation to warmer heated water. The pressure exerted by coo'ler waters on less

dense heated waters may resu'lt in artes'ian hot springs. If the aquifer, a porous

water carrying layer of rock, which lies on top of the heat source is covered by

an impermeable caprock, the water may be at temperatures wh'ich exceed boil'ing at

atmospheric pressure. This liqu'id water, under high pressure, may partially f'lash

to steam once the pressure js released e'ither by dri'lfing or by natural faulting

'in the caprock layer. A1l of the water does not flash to steam, and thus droplets

are carried up with the steam, this is often called a "wet steam" system.
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2. Vapor Dom'i nated Systems

A few per cent of the worlds geothermal resources are to be found in the

form of vapor dominated systems. At present the only large known systems of thjs

type are found at theGd/sers field'in California and the Lardello field'in Ita1y.

51nce they produce superheated steam with no associated liqu'id, they are often

called "dry steam" systems. This steam is generally thought to originate from

boiljng water in a deep geothermal reservoir with a high temperature heat source

and a low water recharge rate. The water reservoir has overlying rock which 'is

highly porous and permible and allows the steam to exist as the continuous pressure

controlling phase wjth pressures below hydrostatic. As the steam rises in the

geothermal system it loses its heat to surrounding rock and eventually condenses

near the surface in most vapor systems. This condensed ljquid, if not lost to the

surface, drains downward on the perimeter of the system to deeper water saturated

rock on the perimeters of the heat source and serves as a recharge source for the

system.

Geoexpl orati on

Geophys'ica1 explorat'ion for geothermal energy has been largely adapted

from standard geophysical practices, although alterat'ions and various 'inovat'ions

have been found necessary to prov'ide for the uniqueness of geotherma'l resources.

Preliminary exploration selection is based upon a number of prev'ious'ly known

geologic factors. The presence ofgeYsers, fumaroles, mud volcanoes, or thermal

springs are obvious indicators of geothermal activity. Areas with volcanism

of late Tertiary or Quaternary age may also'indicate possible near surface heat

sources, especially if caldera, cones, or volcanic vents are present. Information

available from other activities such as deep mining, well drilling for petroleum,

etc. may also provide information pertaininq to the poss'ib1e presense of geothermal

anomalies.⌒
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DrilIins

There are two phases of drilling which can occur in the development of \/
a geothermal fierd, test drilling and field development driIIing.

Test wells are located on the basis of prelirninary geophysical exproration.
These welIs provide subsurface geologic data, information as to the physical and

chemical characteristics of the geothermal fluid or rock, help define 1oca1

productive zonesr and help determine the extent and productiveness of the fie1i.
Arthough the drilling of geothermal weIls is very similar to petroreum

drillingr geothermal fiel-ds present some problems not encountered in petroleum

fields' The heat and abrasiveness found in geothermal formations are extremely
hard on subsurface equipment. This includ.es dri11 bits, valves, cements, casing,
etc' I"luch of the conventional equipment will not stand up to the physical
characteristics found in geothermal systems.

The future economic development of geothermar systems which have ciraracteristic
that prohibit the use of present drilling techrrorogl' due to physicar economical

limitations is dependent upon the development of Iow cost drirling. presently,

the cost of drilling increases veTy rapidly with depth. Btirizati.on of
geothermal energy at depths greater than J kilometers is not economic.5 ,r"
development of Iow cost drilring to depths greater |nan 3 lsn wourd permit
much greater utilization of the heat energy stored in the outer 10 km of the
earthrs crust.

Pruto[ic or hard metamorphic rock arso limit the use of present drill:-ng
technology due to extreme wear on subsurface equipment. Iligh temperertures

assocj.lrberi wiLh geothermal systems are.-rl.r'o very harrl on clr11l1n{ l.oorl;. As e

rei;uIt' costs may be lrrohibitive to development in geothermal systems witir
these geologic characteristics.
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The Los Alamos Scientific Iaboratory has recently been developing drills
which bore tlrrough rock by progressive melting rather than by chipping and

abrading. This borer is electrically orautomically heated to melt throu5qh

rock. As it movesr the molten rock hardens and forms an obsidian-Iike casing

which is fised. to surrounding rock. There is no debris to remove from the

hole and it would not be necessary to instaLl casing as the glass liner serves

that purpose. High temperature rock improves the performance of the dri1l,
unrike conventional equipment performance which is impeded by high temp-

eratures.

A tvro inch prototype has been developed which consists of a molybdenum

she11r a tuagsten tip, and a graphite heating element which uses a J kw power

s ource. Melting rates have been slow, 50 feet per day. However, calculations

show that larger driIls should have mrch higher melting rates as well as

increased energy consumption efficiency.

Conversion and Use

The type of tecimolo.gy used in the development of any particular geo-

thermal system i-s determined largely by the type of system present (e.g. vapor-

dominatedr liqurd-dominated, dry hot-rocks), and by the chemical and physical

characteristics of the steam, liquid, rock present in that systen. In general,

increasing techrlological dlfficulty is encountered with the development of

vapor-dominated systems, liquid-dominated systems, and hot dry-rock systerus,

respect ivel;;.

The technology for the development and exploitation of vapor-dominated systems,

and super heated liquidtominated systems rvith low chenical coatent is readily

|~
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available. However, the technology for the production of power from low enthalpy

hot waters and geothermal waters of high chemical content is in a pre-pi1ot plant

stage of development. The technology for the use of hot dry-rock systems js in
the ear'ly planning and experimental stage.

Power generation from geothermal energy sources differs from fossil and

nuclear electrical generation in several aspects. Geothermal plants do not require

hotboxes, boilers, or furnaces, or mining of fuels. However, because geothermal

steam or water cannot be transported over large distances, geothermal plants are

"mine mouth" plants (the generation facjljties sited at the locatjon of the

geothermal field).

Efficiencv of Electrical Generation

Geothernlal power production requires a much larger volume of steam than

does a fossil or nuclear power plant to produce an equal amount of electricity
because of the relatively 1ow temperatures of geothermal steam resulting in low

conversion effic'iency. The maximum thermal efficiency of an ideal heat engine

is:

eff. =Tl -TZ

Tt

where T1 is the in'itial temperature in degrees Kelv'in and T, is the final temperature.T

Thus, for geothermal generation in the Qeysers field in Californ.ia, where Tl = 45Z.6oK

and f2= 299.8oK, the resulting maximum theoretical efficiency is 33.9 per cent.8
For a fossil fuel p1ant, where T1 = SlloK and T2 = 31loK, the maxjmum theoretical
efficiency would be 66..l per cent. At the Geysers power generation complex, only

14'3 per cent of the heat energy del'ivered to the turbine is converted to electricity.
At Wairakei, New Zealand, the hot water system produces 24 per cent steam and 76

per cent hot water by weight. 0f total heat produced, 59 per cent'is jn the steam

while 4l per cent is jn the water. Thus the overall efficiency of electrical productio"z
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from heat produced at the well head is

.59 . .l4.3 
e.8 per cent 9

Convent'ional Use of Enerq.v in Vapor Dominated S.vstems

At present time, "dry steam" geothermal systems are more easi1y explo'ited,

in both technological and economic terms, than are,,hot water,,and,,dry rock',

geothernml systems. (Although the dry rock system at Marysville looks promisingJ

The steam gathering systems of a "dry" steam geothermal field such as Geysers,

California, and Larde11, Ita1y, separate particulate matter from the steam at the

wellhead. The steam is then transported to the power generation station vja

insulated, steel pipes which are usually located above the ground surface. To

provide for thermal expans'ion of steam lines, vert'ical or horizontal expansion

loops are spaced at regular intervals along the steam line.

It is not practicable to transport steam over distances greater than one

mile, due to energy loss and high steam pipe equipment costslo Thus, steam

transportation l'imitat'ions define the maximum area from whjch steam may be delivered

to power generation facil ities in any geothermal field us'ing "dry" or f'lashed

steam to generate electricity.

Most geothermal power plants are relatively small, usually not exceeding 110

megawatts at any site. Although each station may be relatively small, a geothermal

field may produce large amounts of power depending on the s'ize of the field and

the number of stations installed.

At the Geysers and Lardell, Ita1y, conventional 1ow pressure turbine

generators are used to generate electricity. Condensing steam turbines which

exhaust below atrnospheric pressure are used to utilize the energy of the steam

over a 'larger temperature range, thus increasing efficiency. A condenser at the

exhaust end of the turbine creates a vacuum which allows the steam to expand over

a larger temperature range than would otherwise occur.

In the process of condensing the steam, a great amount of heat is released

which must be transferred to the atmosphere or some cool ing medium. There are



7;,!t,

three bas'ic types of cooling methods involved. The first js "dry cooling', which

is similar to an automobile rad'iator. (No water is evaporated into the air and

the preformance of the cool'ing tower is a function of the ambient dry-bu1b temperaturel

A wet cooling tower cools the liquid by direct contact with the air and by

evaporation. Although wet tower consumes very large amounts of water; they are

more efficient and less expensive than dry cooling towers.

The third type of cooling method passes an outside source of water such as

a lake or stream, through the condenser, and discharges the heated water back jnto

the reservoir. This is generally the least expensive and most efficjent method

where sufficient amounts of water are available, but has potential thermal pollution

probl ems.

Condensed geothermal steam may contain boron, amon'ia, or ether chemicals

which render it unsuitable for disposal into surface waters. Such is the case at

the Geysers, where wet cooling tower blowdown'is del'ivered back to the steam producer

who disposes of it by reinjection into the geothermal system through a nonproducing \,
well.

Use of Energy frpln Liquid-Dminated S.vstems

The technology involved in the exploitation of superheated geothermal waters

is more complicated than that used in the exploitation "dry"steam systems.

To be used for conventional steam turbine-generator equ'ipment, the fluid must

be superheated fto allow an economic portion of the flu'id to be flashed to steam

under pressure) and not have high concentrations of dissolved solids, such as

Si02 or CaC03. The steam flashing process will depos'it scale on subsurface and

surface equipment if dissolved solid coneentration is high.

Superheated geothermal waters are flashed to steam at a pressure to give the

highest turb'ine effjciency and the greatest steam volume production. blellhead

cyclone separators finish the flashing process and separate the steam from the

water. "Dry" steam is djrected into a steam line connected to a conventjonal steam

turb'i ne-generator powerhouse.
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Water separated from the steam can be reinjected into the geothermal formatjon

to help recharge the fluids of the system and slow ground subs'istance due to fluid
withdrawa], cooled and discharged into surface waters, or flashed to steam at

atmospheric pressure with the use of expansion towers and mufflers, producing

1 arge amounts of steam.

Any known geothermal systems are not exploitable due to their chemical or physical

characteristics. "Wet" steam can destroy a conventional turbine in minutes throlgh

the corros'ive effects of high speed particles hitting turbine blades. Non-condensable

gases reduce turbine efficiency and excess scaling in subsurface and surface

equipment can cause damage and result in high maintenance costs. If steam flashing

causes scaling in the borehole, restricted steam production may necessitate

redrill ing the hole.

Heat Exchangers

Ivlost of the worlds hydrothermal systems are of the"hot" water type with low

temperatures and/or high mineral content, and cannot be used with convent'ional

steam turbine-generator equ'ipment, but may be usable through use of a heat exchanger

which transfers the energy of thermal water another fluid heaving a 1ow boiling

point and high pressure at 1ow temperatures (e.g. iso-butane) wh'ich js superheated

and used to power a turbine. The cooled water is reinjected back'into the reservoir

to ma'intain underground pressures, prevent subsistence, and recharge the geothermal

system. The exhaust gas is condensed and then fed back into the heat exchangers.

This biflujd cycle has many advantages over the conventional stea turbine-generator

system:

l. Geothermal waters are not allowed to flash to steam at any point in

the process, preventing scal'ing on water conduction equipment and thus allowing the

use of geothermal waters with hjgh mineral content for power production.

2. Since water is kept at full pressure, contained gases remain jn solution

and are returned to the reservoir along with dissolved solids without surface water

or atmospheric pollution.

⌒
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3. Utilization of geothermal waters of low enthalpy 'is possible due

to the nature of the secondary flujd used.

Hel 'ical Screw Expander

A new system for the use of superheated geothermal steam has been developed

by Roger S.Sprankle of Hydrothermal Power Company. u Hot water and/or steam is

expanded directly'in a screw expander which is betwee;ra centrifugal type aerodynamic

nrachine (e.9. turbine) and a positive displacement machine (e.g. steam piston engine).

It runs at slower speeds than turb'ines and, as a result, does not have the balance

problems which turb'ines exhibit. The inventor cla'ims that mineral deposjtjon

increases efficiency by lapping to rotor-to+otor, and rotor-to-housing gaps. Excess

depos'it'is continually scraped away and larqe scars left by soljd particles on

moving interfaces are filled 'in with mineral deposits. Although corrosion and

erosjon are problems, they are less severe than in turbines due to the bulk nature

of the expander.

The hel jcal screw expander can use "wet" geothermal steam or superheated

water. 0ther advantages are seen in its hjgh (70%) efticiency and'its ability to

run over a wide range of power loads at a constant speed.lz The w'ide range of

power loads perm'its the power producer to vary generation according to energy demand.

Bladel ess Turbines

U.S. Federal Eng'ineering and Manufacturing Inc., of San piego, Cal'ifornia has

designed a bladeless turbine which uses "boundary layer drag" (an undes'irable effect

in aeronautic design) as a source of rOtational torque to rotate the turbjne shaft.lJ

The bladeless turbine has the advantage of being able to util'ize "wet"

geothermal steam without damage from part'iculate or I iquid. In addjtjon, due to

jts s'imp'licity in design and manufacture,'it costs appreciably less than that of

conventional turbine equipment.

Environmental Impacts

Geothermal energy has environmental advantages over conventional energy sources.

It'is not a source of air pollution or radiation hazard, or require that large
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amounts of land be djsturbed (other than for transmission lines or pipelines and

the plant itself). However, jt does have some environmental drawbacks. Effuent

can pollute surface and ground water unless fluids are reinjected into deep reservoirs.

Potent'ial thermal pollution problems can also be avoided by reinjection. Other

potential problems include noise, objectionable gases, visual impact, and subsidence

due to fluid w'ithdrawal .14
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Introduct'ion

Although itb true potential remains speculative, Montana's uran'ium ore \/

resource may have an important future in the nat'ion's growing nuclear power

industry. The state's nuclear role also may include the second major step in

the complex nuclear fuel cyc1e, the enrichment process wh'ich js used to concen-

trate the energy of uranium for nuclear power plant fuel. Uranium enrjchment

fac'ilities need not be near uranium deposits however; the primary requirement

for a nuclear fuel plant is adequate power (about 2,500 megawatts) to drive

the enrichment process. Montana, which has coal and therefore potential for

large supplies of blectric power, is a potential enrichment plant site for

this reason alone.

In order to examine Montana's poss'ible contribution to the nation's

nuclear industry and the impact such an industry would have on the state, it
must be determined first whether there is a potential here for a nuclear

industry and what its adverse environmental effects* might be. Montana \/

agencies may have the authority to impose controls and mitiqate these problems.

Urani um M'ini nq and Mi I I i ng

Reserves and Production Potent'ial
′

The commercial production of uran'ium in Montana has been very small; the

largest ore production recorded was less than 3,000 tons in .l958.

*for the purpose here, environmental effects include social and econom'ic

impacts, and hazards to public and worker health, in add'ition to tradit'ional

environmental concerns about land, air, water and the biosphere.
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In only two other years, .1960 
and 

.196.l, 
was production large enough to

record; Most of Montana uranium has been mined in the Pryor Mountains of

Carbon County. There has been no production of uranium in the state since 1966.

Montana does have potentially commercial reserves of uranium, although

there are no maps for exact locations. A number of energy industries are actively

explorinq for uranium, expecia'l1y in areas most likely to have uranium deposits--

southeastern Montana in the Fort Union coal region and to a lesser extent,

mountainous western portions of the state.

"Production of uranium from Montana deposits rema'ins more potential than
actual. Although uranium production in the State is currently dormant,
the discovery of commercially mone important deposits js a continuing
possibil ity. "

Uranium can be found in association with more than 50 mineral types,

mostly rare. The main ores are uraninite, found jn vein deposjts, and secondary

mineral deposits which are the weathered remains of uraninite. The vein ores

are found jn the mountainous areas of Montana, in particu'larrthe northern half

of the Boulder batholith just south of Helena in Lewis and Clark and Jefferson

Countjes. Veined deposits also have been found 'in Granite, Madjson, Mineral,

Powell, Sanders, and Silver Bow Count'ies. The occurance of the secondary minerals,

located in sedimentary deposits, are generally in parts of eastern Montana,

notably in Carter and Fallon Counties, and southwestern Montana. The uranium

deposits'in Carter and Fallon Counties are a portion of uranium-bearjng lignite
(1ow-grade coal) deposits which underl'ie much of North and South Dakota. In

southwestern Montana there are uranium-bearing lignites, shales and phosphorite

deposi ts.

"The amount of uranium d'issem'inated in these sedimentary deposits 'is
very sma1l, but'if the need were great enough or the improved treat-
ment techn'iques developed, they could in the aggregate be the source
of substantial amounts of uranium."
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i,ininl:

Ccolorj-ca1 forriii:tion, ciri11,-ratterirs rr,aile by e::,:lorl'.tion,
l'lt1( leiscs :..11 lrc-1.;: itlentif y ,;ossi.ble cori:rnerciall;,r r,.i;rable a'Ireas,

but none gives information about specific location or t;r,.:e of'

uraniui;r rcserves. llecause it is more costly to enga,,::e in r)ros-

;;cctive activities t,iran to holri loascs, lrrosilectinl; :at,tcri,rr :rrc

a better incl:icator of a corrrorat.ionls interest in tirc areir. :jascil

u.:on tlie inclicators of geologic fornaj-ions rrll ty[-,c of ])ros.)cc-

tive activity, Siclney L. Croff of i;on"bana .uureau of i i-ncs s,-.ec'-rlates

tl:at l'lontana tioes l:ave lort-grar'le uraniuili reserves, r,:l.ricli ;:rol:ab1y
rr-ill bc r:rinec in t,ire future. Accorrling to croff, thc s;tatcts
reser.trcs are ,:robably not as Creart as t1:ose of i..,yor;i.Ln.; r.:lr_iclr

are e>:t<-:nsivc ancl :'.rc norr rninc<l .

1)rcscnt Activitv

Lcasinご  an(1 1)rOsI〕 ecting activitics 3110W that tl、 c llrュ 1)i_lli:1

上11〔lustl,v is illtcrcstc(l in liOntana uraniuilt rcserveso  of litOrc

thal■  S5,000 acrcs of state schOo■  ■ancis ■casc(l tO cn(〕 r:ギ y cOrpora―

ti01ls fOr uralli_ul11, abOut 80 1)er cent is control■ ed by tl■ O c 0111-

panics, 卜10bi_■  0■■ an(l Utah lnternationa■ , Inc., 」́n al,Out c呵 u tl■

shares。  (For county by cOunty ■isting of tOta■  acrcs ■casc(1,

see chart.) P rOsI〕 ccting Pcrillits arc rrObab■ y a bctter inご ica…

tiOn Of inご ustry intercst in tll(〕 ttlヽ aniull: fぅ Otcl■tia1 0f 1 0ntatlf.

Tllc Del〕 artilcnt Of state Lan(ls (isL)has issuc(1 2S l)1ヽ OE iCCt i11■

1)cr■lits fOr l■raniurl in ■7 CO111ltノ i(.S (lcross tllc statc.  i it(、 st)

をヽrospcct irl.■  1｀ C rlllit= rcl)rc senti〔〕;1 0〔
｀
 tllc tOta■  i〕 e rllti t F‐  i_s s tlc(l bV

t11(ヽ  1)ct)`、 rt11じ 1l t. ('1・ he rcst licrく )isE:ヒ lc(l fOr COュ 1 :rO,■ .(1(lt」 _ャ〕|.)

「 llis act iv itさ ‐ lLs l)c■ ttcvctl tO i,c I〕 10Fヽ t■ y sl)ecu■ at i、 c c): 1()1う ■t tO])

しo tliscovcr. :ta rl.cし abl_c (le「〕osit,s of tiranitli 。 V
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URANIUM ACttIVIttY IN MONttANA

County        Acres leased on school lands(4/74) Number of prospecting permits

(7/23/74)

⌒

⌒

Beaverhead
Broadwater
Carbon
Carter
Cascade
Dawson
Deer Lodge
Fal I on
Fergus
Gol den Va1 1 ey
J efferson
Madi son
Mussel shel I
Petrol eum
Sweet Grass
Silver Bow
I^li baux
Yel I owstone

4,490.32
2,480。 00

none
14,704.00

310.00
none
none
none

ll,206.76
none

21,000.00
16,608.00
1,480。 00

640.00
480.00

none
none
none

０

１

１

７

０

I
I
I
2
5 (l through State Lands Department
I and 4 through Bureau of Land'l Management )
I
I
I

Total 85,665.00 23 by Department of State Lands
I by Bureau of Land Management
27 tota'l by state and federal p.p.

Source: Leasing record and prospecting permits issued by Department of Stae Lands.

The geological formations and present uranium industry'interest as shown by

leasing of state lands and prospecting permits seem to indicate that uranium mining

jn Montana js a probability. The map shows known geological format'ions,

prospecting permits issued and leases granted for uranium. This map does not

give exact reserve location either, but it does show the probable location of

uranium in the state. This is not to say that all of these counties have uranium

in commercial quantities or will have uranium mining. There are four count'ies with

leasing, prospecting and geological formations known to contain uranium, namely

Carter, Beaverhead, Madjson, and Jefferson. Uranium mining occurring in the state,

of course, will be a function of econom'ics and demand for uranium in the nuclear
'industry.

ハ
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Market Conditions for Uranium

Market conditions dictate whether specific deposits of uranium would be

economically mineable. Market conditions for uranium are iikely to change

substantjally in the next few years as the demand for uran'ium grows. America

seems to be count'ing on nuclear power to solve mny of our energy supply problems.

The number of nuclear power plants expected to be built by 1980 is eight times the

number in operation in 1972. Plant capacity in .1990 is expected to be thirty
times that of 1972, Demand for uranium'is expected to jump fjve times by 1980,

up from the 8,000 tons a year now consumed. The breeder reactor should greatly

reduce the amount of newly mined uranium needed for nuclear plants, but is not

expected to be available commercially until mid-l990.

"Cumulative U.S. requirements for uranjum oxide from l97l through 1985
have been projected at 450,000 tons, with 59,300 tons needed during 1985
alone (ltatt. Petroleum Counc'i1, l97l p. 147) Before .l990, total clmulative
requirements w'ill exceed the current estimate of our low-cost uranium
resources. "

Until the advent of the breeder there seems to be no reli6f for the expected

high depletion rate of our domestic uranium reserves. Although low-cost U.S.

uranium may be in short supply'in the next 20 or 30 years, Canada does have

exten..ii,ve rrraniui.r fc S(:)f\rcsi o

"Current production of uranium is some two-thirds below short-term
capability' and less than one-third of Cdnada's known low-cost reserves
are comm'itted. Moreover, large areas of Canada are geologically favor-
able for uranium, and many are relatively unexp1ored.,,

llcwever, the U.S. turned down Canadjan uranium contracts lastyear to favor

developing domestic reserves. Meanwhi'le, Canadian uranium prices and markets

rose. Now the U.S. is again interested in Canadian uranium, but so are many

other countries. Importing uranium from Canada and other free-world nations is

still a possibility, but now that energy self-sufficiency is a national goal it
may not be wise. If the United States is to be energy self-sufficient or

cannot import sufficient ore, it will be necessary to ut'ilize 1ow-grade, formerly

uneconom'ical , uran i um ores.
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MINING TECHNIQUES

There are three methods used to extract uranium; each of which m'ight be

applied to recovery of Montana's reserves. Two of the methods, open pit and

underground mining, are conventional. Solution mining js semi-experimental.

Open pit mining is used to extract ore which is relative'ly close to the surface

and resembles open pit mining of other minerals. Underground mining is used to

recover deep reserves and may be used in conjunction with open pit mining.

Solution m'in'ing, though somewhat experimental , can recover reserves at

underground min'ing depths. In solution mining, an acidic solution injected

through a well leaches the uranium deposits. The uranium-bearing liquid is
then pumped from the deposit through production wells to a recovery plant which

separated the uranium from the acidic solution. Thjs waste solutjon'is then

discarded into tailings ponds. Although solution m'ining is st'ill basically

experimental, it was used in Shirley Basin, Wyom'ing from .I967 until l97l when

damage to the aquifer was discovered.

A facility genera'l1y located near open pit or underground mine sjtes is

the uran'ium mill. Low-grade ore (mostly 0.1 to 2.0 percent uran'ium) moves from

the m'ine to the mill where the uranium ore'is separated from waste rock. The

ore crushed to the consistency of fine sand and mixed with water, is pumped jnto

leaching tahks, where (according.to ore type) an acidic or alkaline solution is

added to d'issolve the uran'ium. At the end of th'is process the uranium is called

"ye1 1or^rcake" and contai ns about . 7 percent uran'i um. The sol 'id waste products

(tai t 'ings ) are suspended 'i n the 1 i quors and then ,

"pumped by slurry to tailing dumps located alongside the mill. The
l iquor ul timately evaporated or seeps into the ground oris al l owed
to flow'into natural waterways at a controlled rate d'ictated by
applicable regulations. The sand-ljke materjal remajns and the
radioactive daughter products of the uranium remain 'in the tailing
p'iies."

The amount of tailings from a particular mill depends upon the percent of

uranium per ton of ore. The national average ore contains .25 per cent uranium.

0n1y about five pounds of uranium and 100 pounds of vanadium is removed from each
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ton processe d; the Lど ■ancc (near■y l_,900 pounds)is hcapeご  On a tai■ ings i〕 i■ (

as waste.  If Montana:s uranium reserves are of a lower quality than the national

average, which is probably the case, waste tailings would be higher than average.

ENVIRONMENTAL EFFECTS

There are environmental problems associated with any open pit or underground

mine; here the emphasis w'ill be on environmental impacts specific to uran'ium

mining.

The power of condemnation of surface rights for strip mining of coal has

been taken from energy companies, but this option is st'ill open for the strip

mining of other minerals. Under current laws, a surface owner can have his land

condemned to allow surface mining of the uranium. Because there are social and

envjronmental problems common to all surface mining disturbances, perhaps condem-

nation powers should be taken from uranium miners too, at lease those who surface

mine the meta'l .

0pen pit and underground uranium mining both have problems assoc'iated with

the disposition of overburden. One problem assoc'iated with surface or under-

ground uran'ium mining is that radioactive material leached from tailings may enter

nearby streams.

"This hazard can be controlled by adequate monitoring, impoundment of water
for critjcal periods, control 9f discharge, and by suitable design of tailings
areas to prevent uncontrol I ed 1 eaching. ,,

Underground mining poses a un'ique problem in that there are occupational hazards

associated with working in a closed space with radioactive materials. A djrect

relationship has been established between occurance of lung cancer in underground

uranium miners and the level of radioactive by-products in the mine atmosphere.24

This problem can be alleviated by adequate ventilation and limiting the amount of

tjme workers spend in the mine.

"The possibility of danger to workers in underground mines and their
assoc'iated m'ills due to radon emissions. This danger is one of the
industrial or work environment, and it is Unl'ike1y that the situationwill ever be encountered where there 'is damage to the natural environrnent
outside the mine itself. The danger can be minimized by adequate
vent'ilation within the mine and by rotation and schedu'ling the workers
to control the t'ime spent in the critical areas. Modern statistics
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of health iniury to miners of radioactive ores show that w'ith
present understanding and management the awareness of the m'iners
and mill workers themselves, risks from accumulated radiat'ion are
negligible in uranium mines today.,,

Open pit mining does not share this ventiliition problem. Although

solution min'ing does not cause the surface disturbances of open pit mining

(and therefore seem to be more environmentally attractive) it does pose

problems for water quality and aquifers jn the mining area. Groun6rvater

quality may be affected by ttre acicls usecl in solution niining.
There needs to be nlore research to cliscover and control other a<iverse

effects of solution niining.

Iiill tailings from uranium nrills and recovery plants are clis-
carded in a slurry to ponds where the liquid must evairorate, seel)

into the grouncl or flow into natural rvaterway".'9 The substance

whiclr remains is a sand-like material containing the raciioactive

byproducts of uranium. If allowed to contaminate surface or grouncl-

water resources, the tailings can contaurinate water userl for other
purposes. Alsor ds the tailings dryr wind lifts radioactj.ve particles

into the air. To prevent water and air pollution from the long-

lived radioactive contaminants, it is necessary to isolate ttre tailings
pond from these weathering factors for many years.

Controls on Uranium }lining and I'Iilling

The controls on uranium mining ancl nrilling cover two areas:

regulation of nrining process and regulation of ra<lioactive 1;ol1ution
front uranium reserves and waste. Open pit nrining of uranium is
regulated by Departnrent of State Lands under the Strip l,line Reclanration

Act and required reclarnation of disturbecl Iand. llecause tlie ;>resent

regulations do Irot specifically apirly to uraniuur nrining, new regula-
tions should be prornulgated. Underground mining is not controllecl
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except for its surface disturbances. The chief occupational hazards

of unclergrouncl uranium mining are regulatecl by Department of ilealth

and Environrnental Sciences (nttnS) under the liadiation Control Act,

which can require control devices. Threats to groundwater quality

fronr solution mining can be controlled by the DIIES under the \r'ater

Quality Act, although other problems may not. The regulations under

the lt'ater Quality Act are not promulgated specifically for solution

mining.

The environrnental effect of uranium mine and mill tailings also
j-s regulated by DIIES under the Radiation Control Act. I-lowever,

existing regulations concerning tailings are inadequate. The

regulations were r,yritten in L97L before many new techniques for con-

trol of tailings were devised. Perhaps new regulations shoulcl in-

clude these techniques. The Atomic Energy Commission has regulative

l)ol{ers in the uraniunr nrilling process, horvever, the state can assunre

its function by beconring a so-called rragreement state.rt By assuming

the AECts standarcl"s, the state then assumes the AECts regulatory

authority. 'Ihe 1969 legislature authorized the governor to rtenter

into agreenient with the federal government 1:roviding for discontinuing

the federal government responsibilities with respect to sources of

ionizing racliation and the assumption of the state thereof .rr

State regulation might be more strict than AEC regulation. It is

estiniated that it rt'ould require six months of preparation before the

statets regulatory program coulcl meet federal standarcls.

Uranium Enricirment Facilities

A uranium enrichment facility is

associated rgith tire nuclear fuel cycle

one of the firany processes

and consi<-lered for loeation

i'-,
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in lLontana. The uraniurn enrichment process increascs tlie iiror)or-
tion of fissionable i,sotope required for fuel in most nuclear L)or.Ier

plants. There are only tlrree uraniur:r enrichuent facilities

operating in tire U.S. The process, r,rhich increases

the uranium -235 isotopic concentration from .7 to;:.rore tlian 2 ;;er

cent, is not perforritecl by private industry. Iloln'ever, future uranium

enrichment plants probably will be built and operated by ;:rivate
industry. _.Ihe foreign denand for enrichect uranium is increasin,g at

a rapid rate. It is projected that 1O or 11 nerr'plants will be L.uilt

in the nation by tire year 2000, totaling rrrore than three tinrcs the

present capacity.

Colstrip, ltiontana and Gillette, lVyoming hrere consiCered l:5' a

three-conipany consortiun as possible sites for an uraniul,r enr-Lcirruent

illant, nrainly because of tire large elect.ric ,)ol,rer requircriient.s of such

a facility. Although tirese companies iravc decicleci to locatc clse-

ruhere, I.lontana rcniains a prime sitc for future cnrichnrent faciljties

due to the state t s vi'rst coal reserves rsith tire Jrossibilj-ty of nine

n:outh electrical conversion of tl"rese reserves, anrl the j-ncreasing

clenrand f or nerv uraniur:i enricirrnent ,-;lants.

The power requirenrents of an enrichnrent plant exceerls tlre toti:l

poh'er output nor..' planneci at Colstrip. The enricLrn:ent i-:Iant itsclf

nould require approxinrately 22rOO0 acre feet of cooling ',1'ater
21annually."* The facility also rvor-tl-cl. rcquirc j00 t,o 6OO.;cr.cs; of 1en,-'

tluring its 30 to {O-year o1>crating 1i-fe to a.11or'r rtaste rlisposal fror:i
22tI)e :troc1;SS.

DnvironncntaI Irll;acbs

Tlre enriclu:lcrnt f'acilities i)osc a trr'o-folcl environr::ental ir.:;,.:ct.

Therc-- are social anrr econonric costs an(], lJcnciits (c.ssoci:tcr. r.'i'Lir \/
--1l':-
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arly 1.rrge scale inclustrial rievelo,rment in a rural area) ancL tlrere are

.;ossible i-.roblens associated rvith the <iisposal of r,uaste frorn tl-re

enricl:r:.ent i)rocess.

Socirl f.r:rpacts

Io construct an enrichnrent plant, it requires three to four

tirnes tlre cn1;loynient neeCecl for a 2 ,5O0 ntegarvatt plant and associated

nrine. In operation, the enrichment plant neecls almost twice the

number of employees cornpared to operating a 2 r 5OO ntegarvatt electrical

generation facility. Both the enrichment plant and porver facility

(rvith nrine) r"oulcl be near one another; the environmental problems

would be, therefore, a<lclitive.31 An enrichment facility woulcl require

5OO to 600 :rcres rluring its normal 3o-to {0-year life span to a1low

rr,aste .lisi:os:r1.32 Sonre of the ractioactive by-proclucts, for exarnille,

al'e valuable for otlrer uses ancl nray be teniporarily stored in seale<l

containers on site for later rrs€r Other liqui<l ancl solid cheniical

rrastes are treated anC clilutecl for release, burial on siter or to be

packaged anci shippecl elser^rher".33 Environmental problems can be

rnitigateci to some extent by proper licensing and regulation by

either state or federal government.

Uraniunr Enrichment lrlants would be regulatecl by the Department

of Natural Resources under the Utility Siting Act anC Depa.rtment of

Iiealth and Environniental Science under the Radiation Control Act.

Although the location of both the enrichrnent plant and its coal-

fireci pot{er plant would be coverecl under the Utility Siting Act, it

is not clear r',,hether the two r*ould be considered together or seoarately.

There are no regulations under the Utility Siting Act pertaining

specifically to enrichrncnt plants, but there could be. The ltacliation

Control Act could control any radioactive poll-ution from the plant

⌒
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as well as reaste disposal and occupational hazarcls irf Iriontana h,ere

an rragreement state.rr lriontana has not gained this status. Until

it does, the Atomic Energy Commission has the main regulatory por.rers

with the state Department of ilealth of maintaining a rrrvatchdogrr

function over the AEC. The ltlestern Interstate l{uc1ear Boarcl has con-

tacted the state of }lontana over 1:ossible assunrption of fecleral

regulation by becoming an Itagreenrent state.rr

Note to reviewers: This section is incomplete at this time. In general,

it surveys three potential solid waste energy sources: urban solid waste, wood

waste' and agricultural waste. The probabil'ity of significant energy uses of

solid waste appear low at the present time.
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SOLAR ENERGY

ItSoIar energy is an essentially inexhaustible source potentially capable

of meeting a significant portion of the nationrs future energy needs with a
minimum of adverse environmental consequences o.. The indications are that solar

energy is the most promising of the unconventional energy source6...rt*

Solar energy has the potential of providing an almost unlimited supply of
ener$)l provided we can develop the technology to use it economically. Approx-

imately 2ro0o Kwh (or two billion calories) per square meter of solar radiation
fall on U-S. deserts annuaIly. Assuming five per cent efficiency of collection
and conversion of the sunlight, an S'OOO square mile plot of desert solar-
energy-collectors would be required to supply the electrical energy consumpticn

in 1970.

So1aa: energy is c1ean, self-sustaining and is the most abundant source of
energ'y on earth. However, it also is difficult to collect and store, using

todayrs technology, it is of 1ow intensityr and it is not dependable. SoIa:.

radiation is only available in significant quantities during daylight hours

and its intensity varies from hour to hour, day to day, season to season, and

place to place on the earth.

Solar radiation is measured in langleys** with an instrument called a

pyranometer at two stations in Montana - Great Falls aad Glasgow. Montana,

on the northern border of the ideal eolar belt (the area between 1atitudes of
15o and J5o north and south of the equator), receives the equivalent of from

114 langleys (in Decenber) to 633 ]:aneteys (in July) of solar radiation per

day. The average insolation rate is 35O larrgteys a day.

Testilnony of Dro A. Eggers Of the National Science FoundatiOn befOre the
Senate ttnter■ or COmm■ ttee on 」une 7, ■972。

°nit :ラ
:13y equals one ca10r■

e/cm2、_ ...。  or 3.69 BTu/ft2 m■ no or 。0698
⌒
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Drrring the winter when the heating load is greatest, the insolation

load is least- Howeverr even during January, the solar energy striking 2OOm2

(the size of the roof of a snall house) is 1ld tirnes the amount needed to
heat a 151000 BTUpp*** house. Not all of this energy can be transferred

directly in'bo space or water heating because of the conversion 1osses of

solar energy devices.

Conversion Processes

Solar energy conversion processes are classified as heliochemical, helio-
electrical, and heliothermal.

The heliochemical process is a process by which the solar radiation is
utilized directly by plants (photos;rnthesis) and indirectly by animals -- a

vital process in an agricultural state. Our existance depends upon the

photosynthetic process. Plants suppry us with food energy as well as an

oxygen-rich atmosphere. Plants are also a potential energy source. The

heliochemical process is used in some sewage treatment plants. In fact, one

pilot plant in California is using solar energy to produce large quantities

of algae which is grown on and thereby treats sewage. The algae is then

marketed as animal feed.

The helioelectrical process converts solar radiation directly to electricity,
utilizing solid state devices such as photovoltaic cel1s. The application of
this technology has been limited because of the high cost and low efficiency of
the collector system. (The average efficiency of ihe solar ce1ls is ten per

.I

cent*). Also adequate large-scaIe power storage systems have not been developed.

The adoption of large-scale helioelectrical conversion may present rand use

conflicts (the solar collectors take up a large land area unless the facilitv
is rocated in an area with no other viable land use options.)

*** British Thermal Units per degree day data based on Great Fal1s information.
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The heliothermal process absorbs incident solar radiation on a surface
and utilized the ener8'y in the form of heat. systens employing this process

are further classified as high-temperature or low-temperature systens. Eigh-
tenperature systems employ a focusing collector that must track the sun and

that concentrates the solar enerry on a surface located at the focal point
of the collector. These systems are in the research and development stage.
Low-temperature systems utilize a flat plate collector oriented in an optin,m
fixed position' To date, systems have been developed for provi-ding hot water,
space heating, and air-conditioning.

Hot water systems are the only solar eystems sold comnercially in the
worrd today. l'larkets exist primarily in Australia and rsrael but are in-
creasing rapidly in other developing couaties.

rn Australia, a solar hot water systen costs about $foo and will provide
between 6o per cent and !o per cent of the hot water need.s of a fanily of our
with an efficiency of 40 per cent.2

l'tarkets have not developed in the united states in the past because of the
low cost of energ.y.

space heating systems are not as well developed as water heating systemsl
however, there are several denonstration projects in the united states and

throughout the worId.

Air-conditioning systerns are in the research and development stage and

are stil1 very costly.

Market for Solar Energy

within 5 years, many scientists berieve, solar-powered systems for heating
and cooling hones could be conmercially available at prices competitive with
gas or oi1 furnaces and erectric air conditioners. sti11 more significant,
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but farther in the futurer nay be means of using heat frorn the sun to generate

electricity; experimental solarthermal units have beea constructed in several \/

countries, and several groups in the United States are designing systems to
take advantage of improved materials and manufacturing techniques. Eventually

the direct conversion of solar radiation to electricity by means of photo-

voltaic ce11s or its bj-oconversion to wood, methane, or other fuels on a large

scale may becone economically feasible.

Use of solar energy for individlual homes in Montana is contingent upon

the commercialization of moderate or low cost solar water or 6pace heating

devices, the relative cost of competitive energy forms (gas, fueI, oil,
electricity), and the amount and reliability of sunshine in Montana. The

physics department of Montana State University is studying the feasibility of

sol"ar energy for Montana. lfuch more data (e.g. isolation rates) must be

gathered before an accurate assessment of the availability and feasibility of

solar energ-y for Montana can be mad.e.

Ihe market in the United States for solar energy should inprove in the

near future. Both the cost and the consumption of energy are continuing to
increase. fhere is also increasing envirsnrnental pressure for cleaner systems

aad a greater concern for energ'y conservation. Moreover, the federal govern-

ment has significantly increased the research and development budget to improve

solar energy technology.

Environmental Impacts

solar energy does have potential environmeutal problems. Individual home

heating and cooling systens would probably present few problems other than the
cI

taking up/ space.
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Collecting surfaces absorb more sunlight than the earth does, and while

this is not likely to alter the local thermal balance in household or other

small-sca1e user the larger expanse of collecting srrrface in a central power

plant might. Thernal pollution will also be a problem if water-cooled turbines

are used -- indeedr more so than. with nuclear power plants because solar in-

stallations are expected to have even lower thermal efficiencies. If waste

heat is returned to the atmosphere, it could help to restore the local thernal

balance. The effects of smal1 changes in the thermal balaace would depend on

the local meterorological conditions, but are erpected to be smaII. The lack

of particulate emissions or radiation hazards might allow solarthermal power

plants to be built close enough to towns or industrial sites so that their
waste heat could be put to use. Fina11y, like other industrial facilities,
large-sca1e plants would also camy some risk of accidents, with the attendant

possibility of leaking heat transfer or storage media into the environment.J
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WIND ENERGY

Like solar energy, wind energy has the advantages of being nonpolluting and \,
renewable, and the disadvantages of being intermittent, unpredictable, and diffuse.

In view of the planet's decreasing reserves of conventional, non-renewable

energy reserves, wind energy and other renewable energy souces should be considered,

even though their use might only be as auxiliary energy. Professor Heronemus,

professor of civil engineering at the Univers'ity of Massachusetts, a leading authority

on wind power has summed up this position well: "Combination is the answer; the

nation can no longer afford to rely so1e1y on one energy source solution (nuclear

power plants). We have to explore every possible energy idea." Interest in

harnessing wind energy has been slight due to the low cost of other energy. Now,

however, because of the rising cost of other forms of energy, the use of wind

power is being examined for technical and economic feas'ibj'l'ity. The National

Aeronautjcs and Space Administration is develop'ing a rooftop windmill for homes

to provide an auxil iary power source. \,
Some Montana ranchers and farmers have harnessed the wind for mechanical

energy. The mechanical engineering department at Montana State Unjvers'ity is

investigating the technical feas'ibi'lity of a tracked-veh'icle wind energy

conversion system operating on the princ'iple of the sailboat. If, after further
study, the utilizat'ion of wind energy in Montana appears economically and technically

feasib'le, incentives could be given to ranchers and farmers to develop w'ind systems

as aux'iliary power sources.
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INDUSttRIAL SECTOR

Industry used 42 per cent of U.S. energy'in .l969. 
The principle consumers,

accounting for over half the industrial energy use, were primary metal industries,

chemjcal and allied products, petroleum refining and related 'industries.l More

than 46 per cent of the industrial energy used was in the form of natural 9dS,

26 per cent was coal, nearly 17 per cent petroleum, and more than 10 per cent

el ectri city .2

Effi c i ency

All of the industrial sector (except for four industries--tobacco, appare'l and

other finished fabrics, lumber and wood and printing, publishing and like industries,

consuming as a group only 2 per cent of the U.S. industrial energ) has increased

energy efficiency in the past'10 years. In other words, there has been a decrease

in enengy consumed per unit output.3 The design of electrjc power generation and

chemical plants theoretically incorporate energy effectiveness by considering both

'initial and operating costs. However, especially'in small industries, energy js

not considered to be a significant production cost. Sometimes it is less expensive

to leak energy than to correct the situation, especially in Montana where both

natural gas and electricity have been cheap. However, the use of energy may decrease

as the price of energy increases. Already, some Montana industries are conduct.ing

studies on energy efficiency conservation.4

Energy- Intensi ve Industri es

Because energy has been plentiful and inexpens.ive in Montana, energy intensive

industries have been attracted to the state. Th'is trend cannot continue indefinitely,
however. In the future, it will become increasingly important to analyze the energy

demand along with the environmental impact of new industries.
⌒



152

These questions need to be cons'idered concerning existing and future industrial
devel opment:

hlhat are the major industrial energy consumers and how much energy do
they consume?

How does industrial energy use affect the environment?

To what extent do the existing industries provide direct employment and
income as well as secondary eionomic contributions?

How are industries interdependent inenergy use and needs?

What industrial^energy policies can be used to minimize economic impact of
energy cutbacks?

Industr.v and the Econom.v of Montana

Montana's economy has been sluggish. Per capita income fell from B per cent

above the national average in .l950 to 12 per cent below the national average in
.l970.5 In addition, Montana historically has had relatively high unemployment and

a net decrease in population from em'igration. One reason for th'is is Montana,s

growth industries are prirnarily export ones: agriculture, mining, forest products,

railroads, and tourism. Examination of these industries explains the economic 1ag.

V

1950 I 960 1970

Agri cu1 ture 52 ,800 39,200 34,800

Mining I 0,200 7,900 6,600

Manufacturi ng I 8,000 20,600 23,900

Wood Products 5,400 7,400 9,700

0ther

Table I--Primar.v Emplo.vment .in Montana

Annual Average

1950-1960

-26

-23

14

37

Per Cent Change

1960-1970

-11

…16

16

18

1950-1970

-34

-35

33

61

Manufacturing. 12,600 13,200 lli,200 5 lS ?l

Railroads 14,000 9,000 6,600 -36 -Zl _53

Federal Govern- 8,300 9,900 .l.l,900 19 ZO 43ment(Civi I ian)
Total primary 103,300 86,600 83,800 _]6 _ 3 _.l9

empl oyment

Source: Wood Production in Montana, Maxine Johnson; Montana Busjness QuarterlyVol. .l0, 
No. 2, Spring 1972
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Agricul ture

Agricultural emp'loyment has decl'ined over the past 20 years from 25 per cent

of the labor force in .1950 to about 13 per cent jn 1970.6 0n. reason for this

decline was an increase in output per man-hour from increased use of technology.

More effic'ient and more mechanized farms have resu'lted. The number of

acres farmed in the U.S. and Montana remained fairly constant the last 30 years as

farms became more industrialized. However, the number of farms and farmers decreased.

Table II--Trend in the Size of U_,!._Iry! (197.|

Year Acreaqe

1940 t6t
1960 297
I 970 400

Source: Statistical Abstract of the United States (Department of Commerce).

Increasingly, large amounts of energy are needed to p1ant, grow and harvest

Montana crops. In .l969, 
farms here used 24,940,000 gallons of diesel fuel and

66,060,000 gallons of gasoline.T Large amounts of energy also were needed to

m'ine, produce, transport, and spread the .l50,579 tons of fertilizer used on

Montana farms the same year.8 A tho.age of fertilizer here could have a nat'ionwide

impact because l4ontana is the second largest wheat-producing state.9

Another potentia'l energy-related problem facing agriculture is poss'ibi'lity

of fuel shortages at planting and harvest time. Although fuel allocation programs

have placed a high priority on the use of fuel for agriculture, a delay of even a

few days could mean crop losses. Farming is the backbone of Montana's economy

(a billion-dollar industry) so loca'l economic disaster and food shortages on a

nat'ional level could result from a lack of fuel at harvest time. However, Montana

uses only oi'l from domestic and Canadian sources, and agriculture has high priority

for fuel deliveries, so a widespread fuel shortage in agriculture is unlikely.
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Here is an account of fuel deljver.ies.in .l970:

-tre.l-

Gasol i ne
Di esel
L. P. Gas
Butane
Propane
Ivlotor o'il s
Piped gas
Kerosene
Fuel oil

Source: C. Meyer,

Veh i cl es

Wheel tractors
Crawl ers
Trucks
Combi nes
Autos and Misc.

Tota I

Number of Farms

20,290
12,712
5,168
5,168
5,168

20,522
20,522
20,522
20,522

Montana Department of Agriculture

Fuel Consumption by Farms in Montana

Diesel Fuel

)

20,400
4,000

240
130
170

24,940

Amount of Fuel
( I ,000 qal I ons )

199827
7,471
1,297
19297
19297
2,858
2,858
2,858
2,858

(1969)

Gasoline
m  ga1 10ns )

17,900
760

23,900
6,400

17,100

66,060

Source: C. Meyer, Montana Department of Agriculture 
\/

If prices for gra'in and livestock remain high, farming probably w'i11 remain

Montana's leading industry, but employment in agriculture is unl'ike1y to increase.

Both the number of farms and the acreage used for agriculture are decreasing. (Fron

Jan. l, 1970 to Jan.1,1974, the number of farms declined by .l,500 
and the acreage

in farms by .|.7 miltion.l0)

Manufacturi ng

Manufacturing industries in Montana are based primarily on processing of

raw materials.

The wood-products industry has become increasingly important to the state

economy. Between 
.l970 

and 
.l973, 

about .l,000 
workers were added by the state's

lumber and wood products employers, although a nationwide housing slump is reversing

th'is trend. Wood products jndustries prov'ide about one-third of Montana's manufacturi,.

jobs.
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Cutt'ing trees and converting them to lumber does not use much energy, but

converting them to plywood or paper does. Continued supplies of natural gas from

Canada are sajd to be v'ital to expansion plans in the wood-products industry.

The primary metals industry has experienced slight declines in employment

because of energy shortages and the closing of the Anaconda zinc and wire mill in

Great Falls.l2 The Anaconda Aluminum Plant in Columbia Falls has an interruptible

contract with the Bonneville Power Administration and was forced to cut back

production and 1ay off workers because of BPA electricity shortages in .l973.

caused by drought and low reservoir levels behind the BPA's Columbia River dams,
t3

the shortage rapidly d'isappeared during the winter of 1973-1974. Employment at

Columbia Falls is back to normal, but the primary metals'industry remains vulnerable

to employment losses from electlicity or gas shortages.

Touri sm

Fuel shortages and high gasoline prices could have an econom'ic impact on

Montana by reducing tourism. There has never been an accurate determination of

tourism's contrjbution to the state's economy, but it is probably substantial.

Tourism has encouraged the build'ing of new motels and restaurants--a boon to the

construction industry.

Tourists also help support workers 'in the service sector. Hotels, motels,

and restaurants provide about 10 per cent of the jobs'in the state,l4 but these

are predominantly 1ow-paying.

Blessed with a 1ow population, adequate federal allocations, and nearby

sources of petroleum, Montanans have been spared the gas lines and shortages of

other Americans. Gas shortages may discourage out-of-state travelers, but travel

by state residents may be less affected.

Railroad Employment

Railroad employment has declined over the past 20 years because of increased

automat'ion and the shift from steam to diesel engines, but increased rail movement

of coal and expanded passenger service may he1p.



156

Enerqy consumption and cons.ervation in Spoqific Industr.ies

Copper Smelt'ing and REfining

The copper smelting process consists of reverberatory Furnacing and convert'ing 
\'/

(roasting may precede these steps). The reverberatory furnace can be fueled by

oii, gas or pulverized coal. (Coke, a product of t:oal, was used in older furnaces;

electric furnaces are planned for some new smelters. An average fuel requ'irement

for smelting (although it varies widely) is 375 kjlowatt-hours of electrjcal energy

and 32,000 cubic feet of rratural gas per ton of crude.opp...l5 Refining-either

by e'lectrolysis orin a final reverbatory furnace--is necessary to remove impurities.

One estimate of energy reqLrirements for electrolytic refining is 615 kjlowatt-hours

of electricity and 4,700 cubic feet of natural gas pei'ton of refined.opp...l6

Expressed'in terms of heat energy, copper srnelting and refining uses 40.1 million

BTU per ton of market.oppe..lT (Combining smelting, 33.3 mill'ion BTU and refining,

6.8 million BTU.) Th'is is a very rough estjmate as there is no typical energy use

factor for the copper industry. \/
tr,lith increased pollution control demands on'industry, smelting processes

are like'ly to change. Lower smeltinq cosls, improved po11ut'ion control and lower

energy consumption could result from:

l. bypassing the reverberatory sLep

2. flash smelting

3. autogenous smelt'ing (with oxygen and enrichment)

4. expans i on of the Arb'iter process .

Suggested conservat'ion measures for copperincl ude recycl ing (recycl ing of

coppor scrap uses less energy than producing copper from ore), and use of more

efficjent equipment. The Anaconda Company, which consumes a large amount of Montana

energy, is studying processes whjch are nrore energy-efficient than existing on.r.l 8

Al uminum

Aluminum production required rrore elect.rical energy per ton than any other \-/
primary metal. Alum'ina, its ore, is reduced in a molten bath. The carbon-lined
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steel reductjon cell holds a mixture of ore and a cryol'ite so that electrical current

can produce molten alumjnum at a cathode and ox'id'ized carbon at an anode. The

al um'inum, poured 'into ingots, 'is 99.5 per cent pure'

Most of the energy consumed in aluminum reduction'is electrical. The amount

needed varies, but it averages about 46.7 mjll'ion BTU per ton (at 3.4 BTU per

kjlowatt-hour). The total consumption of power and fuel in aluminum production

is about 55 million BTU per ton, accounted for by including the reduction process

and, among other th'ings, energy-intensive materials used to construct the electrolytic

cel I s.

Once in the marketplacerhowever,'it takes only about 8.5 million BTU per ton

to melt down and re-refine aluminum scrap; processing of wrought aluminum consumes

l2 million BTU per ton.l9 Recently, the American Aluminum Company announced a

method to reduce energy consumpt'ion in aluminum refining by 30 per cent. This

could have appl'ication to the Anaconda Aluminum Company plant in Columb'ia Falls,

which consumes much of the BPA electricity generated in Montana, but the environmental

impact associated with the new process should be studied carefully.

Pulp and Paper Industry

A major consumer of electricity and natural gas in Montana'is the pulp and

paper industry, Hoerner-Waldorf corporation's Missoula paper m'i11 is a prime

example. Paper and pulp industries consume 5 per cent of U.S. industrial energy;

of this energy, l0 per cent is used formecharical devices and 90 per cent for heat.Z0

The average U.S. efficiency of energy convers'ion in this industry'is about 60

per cent.2l Suggestions for energy conservatjon 'include tax 'incentives for purchasing

new, more efficient equipment or repairing o1d equipment.

Petroleum Refining

Energy is requ'ired to produce the more than 200 different crude oils and the

more than .|,000 petroleum products used in our nrobile society. The energy used

in refining processes varies with each p'lant (there are more than 
.I00 different

refin'ing processes). 0n the average, it takes 1l BTU of energy to refine every



100 BTU of crude.22

Energy lllurce

Natural gas
Refinery gas
Petroleum coke
Fuel oil

15お

Percentage of total energy -
used jn refining process

Amount used per
barrel of crude

。26 milllon cubic feet
.25 milllon cubic feet

.003 tons
.01 barrel

The major energy sources used in pelroleum refining are:

EnStgl_>r-UfceJ_l_!* 0 j I Rgji n i ncr

38
34
13
10

Source: Patterns of Energy Consumption 'in t.he U.S. (Stanford Research Institute)

About 94 per cent of the energy needed to refine ojl comes from these fuels

to make heat and steam used in the process. The remaining energy'is consumed as

electric'ity, which some refineries generate by steam powered turbine-generator

systems . Montana ref i neries buy f rom ut'i I i ty compair'!es .23 The turbi ne-generator

method seems to be more energy-effjcient ber:ause jts hot exhaust can be reused,

in the distillatjon process" Utjlity pol^rer plants dump waste heat into rivers or

the atmosphere. However, most electricity used in refineries powers air condition'ing,

space heating liohting and instrumentat'ion systems, and not refininq'itself.

Agri cul turS

The latest agricultural census showed near'ly 25,000 farms in Montana with

an average s'ize of about 2,500 acres (r:ons iderab'ly larger than the U.S. average),

and covering a total land area of 62,918,253 (almost 70 per cent of the land). 0f

the total about .l,84.l,000 
acres was'irrigated on about 9,000 farms.24

Energy use connected wjth agricu'lture jncludes the manufacturing and operation

of farm equipment, the manufacturing and appl'ication of fertilizers and other chemicals,

irrigation, and of course, photosynthesjs, wh"ich uses solar energy.

Energy was used to manufacture and spread the .l50,579 tons of commercjal

fertilizers used on Montana farms r'n .I969. 
Composting with manure, sewage sludge,

and food processing tuastes is an excellent use of rnaterial which would probably

otherurise be wasted (perhaps addinq to rvater pollution). Waste treatment to prevent

pollution, of course, requires energy. In addjt'ion, composting reduces the use of

manufactured fertilizers which require large amounts of energy to produce.



15:〕

Conservation of Enerq.v in Industrial Use

Here are a few of the many ways industrial users of scarce energy supplies

could save money and natural resources too:

l. Reschedule work hours, production and other opmt'ions to periods

of less intense energy demand. Ask the uti1ity for a discount for off-peak energy

use. Refrigeration equipment could be started earlier than usual.Set thermostats

to save energy in water heating and cooling, 'insulate pipes.

2.     Reduce maximum loads on heating and compressing equipment by modifying

the electrical supply. Efficiency in belt'ing and shafting shou'ld be rev'iewed.

3. Use standby generators during critical peak energy use periods (tfris

doesn't save much energy but'it relieves a typical stress on overloaded utility
systems ) .

4. Use photosensit'ive switches and timers to control outdoor security,

decorative and convenience I iglrting.

5. Reduce blower ventilation wheneverpossible and consider using natural

ventilation. Prefer localized, rather than general plant systems.

6. Eljminate unnecessary lights and reduce excessive illumination.

7. Set space heat'ing thermostats to save energy and protect health (too

much heat and cold reduces work efficiency and can aggravate illnesses).

8. Maintain equipment on reguiar schedules and keep things clean enough

to spot inefficiencies and leaks.

9. Consider advanced design of plant systems to use waste heat, heat

wheels and heat pumps. Capita'l investments here can frequently be recovered jn

energy savings in the long run.

10. Insulate your buildings.
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RESIDENTIAL SECTOR

During the .l960-.I968 period, U.S. residential energy use increased annually

almost 5 per cent (compared to a toal energy use increase of about 4.5 per cent).1

A$milar trend of increasing res'idential energy is found in Montana and'is expected

to continue.

Twenty per cent of the U.S. total energy ancl 34 per cent of the U.S. electrical
energy is consumed by the resiclential sector.2 Spu.u heating and cooling, cooking

and refrigeration account for almost 90 per cent of the residential ,r..3
The residential and commerc'ial sectors account for .l9.4 percent of the total

energy consumed in Mont.ana.4 Accord'ing to the l4ontana Power Co., the average annual

use of electric'ity for ind'ivjdual Montana homes (including cabins and summer homes)

is 526 kilowatt-hours.5 Homes consume l7 to 20 per cent of the total electricity
sold in Montana and resident'ial customers comprise 85 per cent of the total number

of custom."r.6 In .l970r gds sales (including natural, manufactured, mixed and

liquid petroleum gas) in the resjdential sector account f,or 34 per cent of the total
gas sold'in Montunu;7 resident'ial cus.lomers were more than 85 per cent of the total

number of gas customers. (fante lt jn the total energy section shows that jn .l97.l,

42.3 per cent of the natural qas r^Jas sold to household and commerc'ial consumers).

Collectively, consumers could realize a large erlergy savings if they choose

to conserve energy.

"consumer education has the greatest potential forimpact on the
energy conservation needs of the naLjon. If consumers can be aware
of the energy utilization characteristics of the appliances and
equipment which they buy, they will consciously seek the more
energy efficient items. Furthermore, if consumers become energy-
wlse in the way'in which they operate their appliances and equiirment,
they can achieve substantial reductions in energy consumption.I would venture to say that the electrical billa-for two'identjcal
houses, next to each other, but with different famjljes in them
can differ by as much as 50 to ]00 percent, depending upon the
thermostat settings, how many times the children may-1eave doors
or windows open, whether or not kjtchen exhaust fans are used,etc.
A slight improvement in the efficiency of an a'ir condit'ioner or an
appliance will not make nearly this much djfference." *

*Excerpt from an August,1973 lelter from Herbert Bi'lkey, Asst. Managing Director,
Air Condjt'ioning and Refrigeration Institute.
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space Heatinq is the largest user of residentia'l energy. By 1980, it

wil I account for 2/ 3 of the total U.S. residentia'l and commerc'ial energy ,r..8
Virtually a1l Montana homes have some heating equipment. 0ver two-thirds

of the heaters burn utjlity gas, one-seventh burn fuel oil or kerosene.9 F.*..
than one home out of 25 have iilectric heat.

Table I― ―丁ype of Heating Fuel in Montana HomeS (1970)

Iuel-

u tj I ity gas
fuel oil, kerosene, etc.
coal or coke
wood
e1 ectri ci ty
bottled, tank, or LP gas
other fuel
none

No. of Households

⌒

151,104
299850
4,531
4,113
8,464
18,503

720
19

Per Cent

70
t4

greater than 2
less than 2
less than 4

8
I

Source: Detailed Housing Characteristjcs. (Bureau of Census, Department of Commerce)

Heating Alternatives

Electrjcity is non-polluting at the point of use, but inefficient in conversion,

transmiss'ion, and tl'istribution. Electrjcal resistance heating effic'iency is .l00

per cent effjcient at the end use, but on'ly about 30 per cent efficient overall

considering power plant and transmission line losses*.

Gas or oil-burned heating systems have efficiencies of 40 to 80 per cent.

Drawbacks'include the necessity of cleaning the furnace regularly to majntain

high efficiency, and the expense and scarcity of natural gas.

It is possible to build solar heated homes now, but expens"ive. However, rising

gas and electricty costs may make solar energy competitive. Montana solar homes

would need backup systems, using conventional fuels, for extended bad weather.

Consumers also may obiect to the higher jn'itial cost of solar equipment. (A tax

incentive, however, might make solar homes more attractive.)

*Thirty-three per cent efficiency
per cent efficiency in transm'ission and
efficiency of electrical heating equals

for conversion in power plants times 9l
distribution times 100 per cent end-use
30 per cent total efficiency.



The use of geothermal energy for heating involves many technical problems

but at least one rancher jn eastern Montana is using hot water from the earth to
heat his home.

Most buildings require primarily 1ow-energy heat (space heatjng requires

air temperature 2BoC and water heating temperature of 60-65"C, which is less

than the temperature of cool'ing water or steanr of power plants). It therefore

makes sense to use 1ow-energy heat for such uses (jf it is economically and

technically feasible) rather than high-energy heat. For example, heat from

lighting, air conditioning, and refrigeration can be reclaimed to use for space

heati'ng. Hot water or steam from power plants can be used for space heating of
whole res'idential districts.

Supermarkets could use waste heat from thejr large refrigerat'ion un.its for
space heatjng during the winter.

The heat pump, another energy-conserv'ing space heating device, has

efficiency of 60 per cent (about the same as a gas-fueled furnace) and is

expens'ive when instal led in conjunction lvith central air cond'itioning.

16;

an overal I

not
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Add'itiona'l space heating conservation measures include tightening up control

on FHA insulation standards; formulating insulation standards for state building

codes; and allowing tax deductions for home energy conservation measures (planting

trees for weather breaks and shade;re-insulating older homes, purchasing storm

wi ndows ,etc. ) .

Utility or cooperative extension serv'ice consumer tips also are helpfui in
promoting consumer conservation (e.g. leave thermostat at 70 degrees or lower during

day; turn heat down at night; turn heater off durjng vacations; clean furnace filters
periodically; close doors to unused roon'rs; close damper when chimney not in use;

caulk and weather strjp cracks; draw curtains).



⌒

⌒

1 ti.r

Water Heatinq

Water heating is a second major residential energy user. In .l968,92 per cent

of all U.S. households had gas or electric water heaters (only 74 per cent had them

jn .l960).ll 
About 70 per cent of the water heaters were gas, 25 per cent electric.12

In Montana,9T percent of all homes had water heaters in .197013 
0ver 60 per

cent were gas and 30 per cent were electric.l4

Table II--Water Heaters in Moltana Homes (1970)

Fuel

Utility gas
Fuel ol19 kerosene, etc.
Coal or coke
Wood
E lectricity

::1:lelielank, 
。r LP gas

None

No. of Households

Source: Census of Housing (Department of Commerce)

The annual average energy consumption for water heaters has gone up since
.l960 for both gas and electric devices, probably due to increasing use of dish

washers and automatic washing machines.

Conservation measures for hot water heating include runn'ing washers and

dryers with full loads oniy, fixing leaky faucets, showering instead of bathing,

using alternative water heating such as solar or geotherma'|, installing the water

heater as near the point of use as possible, insulating hot water pipes, and

lowering the water temperature setting.

Space Cool ing

Space cooling accounted for about 30 per cent of U.S. residential energy use

'in .1968, triple their consumpt'ion in .l960. l5 0n1y 40 per cent of res.idences had

space cooling in 1970, so energy consumption for air cond.itioners will probably

cont'inue to rjse as the market expands.l6

0n1y about one out of every 12 homes (less than l0 per cent) jn Montana has

air condjtioninq. lT t4ost are electric (see Table III).

134,503
726
124
652

64,323
10,704

145
6,127

Per Cent

62

I

30,
5

I ess than. I
3

⌒
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Typg

Room Unit

Central System

None

Area

No. of Househol ds

15,049

6,929

240,753

(1970)

Per Cent

0.19 KW

l.35 KW

].6  KW

].85 KW

2.3  KW

Season Total

700

340

290

465

530

430

345

465

丁able III― _Air ConditiOni

６
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Source: Census of Housing (Department of Commerce)

Montana Power estjmated month'ly electricity consumption of residential air
condi ti oners :

To estimate kilowatt-hours used in average residential installation:
I . Determi ne s i ze 'in ki I owatts from I i sti ng.

2. Multiply KW by number of hours of potential use by month and locality.
Central

3 Ton 36,000 BTU/Hr

3 Ton 24,000 BTU/Hr

1 l/Z Ton 18,000 BTU/Hr

5.5 KW

3.5 KW

2.6 KW

Average HOurs Of operati9り

」uly    August    sept.

6,000 BttU/Hr

8,000 BTU/Hr

10,000 Bttu/Hr

12,000 BttU/Hr

15,000 BTU/Hr

15

45

55

30

40

35

Billings

Bozeman

B utte

G reat Fal I s

Havre

H el ena

Lewi stown

M'issou'la

堕

40

15

25

10

5

10

J une

100

45

40

65

80

60

30

75

230

135

110

160

175

160

110

165

240

140

125

180

195

170

160

180

０
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There are about .l,400 

room a'ir conditioner models sold under 52 brand names.

Efficjencjes of the window units range from 41.7 to 12.? BTu/watt-hour: thus the

least effjcient air conditioner consumes 2.6 times as much electricity as the most

effic'ient one, although each achieves the same cool ing.l8 The effic'iency rating

for most central air conditioning systems is about 8.5 BTU/watt-hour, or about 30

per cent more effic'ient than the best window unjt.

The decjs'ion to purchase an a'ir conditioner based upon cost often makes a

s'ignificant d'ifference in the l'ifetime energy requirements. For example,

"The I east expens'ive version of an a j r conditioner wi I I usual'ly requi re
twice as much energy per unit of cooring load (compared to more
expensive models) due to reductions in iondenser ahO fan size.
Regulations specifying certain minimum efficiency levels couldresult in perhaps a 40 per cent energy saving over the-life of such
appl iances, with resulting savings in- operating costs..I9,'

Here are conservation suggestions for air condition'ing:

l. require prominent label ing of efficiency (BTU/watt-hr.) and cool ing

capacity on a'|1 air conditioners sold in Montana.

2. require efficiency and cooling capacity informatjon jn advert'ising.

3. require units comeing into state after .l975 to meet m'injmum efficiency

level and be thermostatically controlled.

4. give tax incentives for planting trees and shrubs for shade around homes.

5. raise thermostat to 78"F.

6. close doors to unused rooms.

7. turn off unnecessary lights (they are like a heater in the room).

8. keep condenser coils on air conditioner clean.

f. improve insulation (see sect.ion on heating).

Food Preparation

seventy per cent of the cooking ranges in the U.s. were gas in 196g;30 per

cent were electric.20 In Montand, the ranges were 65 per cent electrjc,25 per

cent gas.2l
ハ



166
Table lv――c00king Ranges_in Montana (1970)

Per centFuel

Uti I ity gas
E'lectricity
Bottled, Tank, or LP gas
Fuel 0il, kerosene, etc.
hlood
Coal or coke
Other fuel
None

Source: Census of Housing

No. of Households

54,447
142,739
14,329
2,862

563
895
184

1,285

(Department of Commerce)

５
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Here is the estimated power consumption for some electric cooking appliances:

Table V--Electricjty Consumpt jon olAppl iances (1972)

Appl 'iance

Broi I er
Frying pan
Hot p1 ate
Range
Roaster

Average Wattage Estimated Use

80 min/Wk
26 min/day
12 min/day
16 min/day
25 min/day

Consumed Annually

100 Kwh
186 Kwh
90 Kwh

19175 Kwh
205 Kwh

1,436
19196
1,257

12,207
1,333

Source: Patterns of Energy Consumption in the U.S. (Stanford Research Institute)

D'inner preparation contributes to the daily peak load which occurs around

6:00 p.m. Cooking meals before or after the daily peak period should be encouraged.

0ther conservat'ion measures jnclude covering pots and pans while cooking, turning

the oven or range off slight'ly before food'is done and allowing the food to cook

with the remain'ing heat, thawing frozen foods before cooking and baking other foods

while baking main dishes. Microwave ovens, electric fondues, waffle irons, electric

fry pans and grills are often more efficient than range or oven cooking. Energy

also can be saved by energy-conscious design and construction of ovens.

Refrigerators were found in 96 per cent of U.S. homes in .1968 (almost all

were electrir)22, and about 94 per cent of Montana homes in 1970.

|

V
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Here is the estimated annual electricity consumption for refrigerator un'its:

Appl'iance Averaqe wattage Per cent of time Est. Annual
@@

Food freezer (.l5 cu. ft.) S+t ---?0-- f
Food freezer (.I2 cu. ft. ) 440 46 .l,76]

Refrigerator (12 cu. ft.) 241 34 728
Refrigerator (12 cu. ft. frostless) 321 43 1,217
Refrjgerator-freezer (14 cu. ft. ) 326 40 .l,.l37

Refrigerator-freezer (14 cu. ft. 6.15 34 1,829
frostl ess )

Source: Edison Electric Institute

Freezer sales in the U.S.increased at an annual rate of 1.7 per cent from

1960 to 1969.24

Montana's 
.l970 

census l'ists 94 per cent of Montana homes with complete kitchen

facilit'ies (range or cookstove, installed s'ink and piped water, mechanical refrigera-

tor) 25 About 50 per cent of Montana households have home food freezers.26

Patterns of Energy Consumption In the United States

Patterns of energy consumption in the United States shows the energy consumpt"ion

of food freezers in kilowatt-hours:

Freezer Type Average Wattaqe Annual Consumption (K'ilowatt-hours)

I 5 Cu. Ft. 341 I ,l 95

15 Cu. Ft. (frostless) 440 .l,76.|

Average 1,478

Conservation measures applying to refrigeration devices follow:

l. requ'ire refrigerator labelling of efficiency and wattage.

2. open refrigerator and freezer doors only when necessary; close door
i mmedi ately

3. use chest-type freezers rather than refrigerator type because they lose
less cold air when opened.

4. buy refrigerator without automatic defrosting and automatic ice cube maker.

It'is estimated that 40 per cent of all U.S. households had clothEs dryers

in 1969.26 Two-th'irds of the dryers were electric and one third were gas.27

About 55 per cent of Montana households have clothes dryers;94 per cent of

them electric.23

⌒
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Conservation measures include the following:

l. require label'ling of energy efficiency

2. use clothes line when possible

3. dry only fu1'l I oads

Dishwashers were found in 20 per cent of U.S. homes in 1969?9 Twenty-three

per cent of Montana homes had djshwashers jn .l970.30

Energy conservation for dishwashers includes labelling of energy efficiency,

washing only full loads of dishes, using proper detergent.

llinety per cent of U.S. households have at least one television set.3l Thirty
per cent of the homes have color sets, wh'ich use 30 to 40 per cent more energy than

black and white sets.32 The U.S. energy consumption in l968 to energize telev'is'ion

was 352 trillion BTU. More than 90 per cent of Montana households have at least

one tel ev'ision set. 33

Conservation measures include using black and white televisions instead of

color sets and turning off the set when it js not jn use.

Ljghting consumes 24 per cent of all U.S. electricity sold and accounts for v

1.5 per cent of national energy consumption.34

Suggested conservation measures:

l. change current design philosophy wh'ich maintains uniformly high f ight
levels, to a conservative approach directjng most fight to the work
area. This measure may reduce ljghting energy consumption by 50
per cent.

2. design building to make better use of natural lighting and to allow
for optional use of artificial light; use minimum light'ing necessary
for work.

use more fluorescent lights which are three to five times more
efficient than incandesient bulbs based on bare bulb comparisons.35

choose light'ing fixtures and locations carefully.

turn lights off whenever possible

3.

４

　

　

５
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Incorporati an ene cons tion awareness into bui ld'inq desi n coul d

do much to conserve

ideals:

t.

energy. Listed bel ow are several bujlding design conservati on

Area to volume ratio-Geodesic dome

A house with smallest exposed surface compared to its volume, loses
the least heat during winter and requires the least cooling during
summer. For the same floor area, two story houses are abolt 25
per cent more efficient than one story.

Building shape-Mandan Lodge

A round building has less surface area and therefore less heat gain
or loss than-any other.shape with same floor area; a square buiiding
has less surface are than a rectangular one.

Shape and orjentation relative to path of sun

a. Minimize amount of sunlight on south and west walls and windows

b. A rectangular building with short ax'is north and south has less
solar heat gain in summer.

c. Increase reflectivity of surfaces exposed to sun

Shade wjndows from direct sunlight by awnings, overhanging eaves, porches.

Insulat jon requires init'ial cost but saves fuel for heat'ing and cool ing
over the long run.

Use two layers of heat-absorbing glass (separated by circulating
air, gap) for windows exposed to sunlight to reradilte as much as
45 per cent of the solar heat.

Solar Homes

a. Solar water heating would be good during sunny weather. But an
an auxilliary system is also needed in Montana for periods of
unfavorable weather

b. Solar space heating works even in Boston and New York, where
winters are cloudy. Solar space heat'ing reduces other fue'l
consumption used for space heating.

c. There is a need for an incentjve for builders to incorporate solar
features into homes.

Venti I ation improvements

a. Use natural air circulation

b. Use exhausted air from buildings in winter to melt snow on
sidewalks, driveways, and ramps by c'irculating exhaust warm
air through tiles under outdoor surface.

2.

3.

４
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9. Use low energy or recycle material like Envirite, stone and wood
instead of high energy materials such as aluminum and brick.



1'71

⌒

⌒

COMMERICAL SEC丁OR

commercial users consume l5 per cent of the total u.s. energy budget;

over 50 per cent of this enerqy is for space heatinq and coo'ling'! Conrmercial

I iqhting alone comsumes l/.|0 of the U.S. electr.icity.2

In Montand, the commercial sector consumes 14 percent of the total Montana

electricity.3 It is difficu'lt to determine the total commercia'l energy

consumption 'in Montana because residential and industrial customers are often

included with commercia'l listings on energy sales figures.

Commercial energy use and efficiency patterns are also difficult to
describe because this sector includes so many different types of establish-
ments. conservation suggest'ions, however, may inc1ude the fo'llowing:

1。            ion(offices,sto

Designers could save energy and money by carefu'l desion using less

build'ing material to meet safety standards. Design also should include

insulation, using adjustable windows for natural ventilation, orienting

the bui.l'cinq according to sun and cl imate factors, using trees and

shrubs to cut down on summer sun and winter wind effects, installing
efficient heating and cooling equipment, redesigning light'ing standards

(directing the light to work areas'rather than having a uniformly high

light level throughout the building), using less glass or using mirrored

91ass, and using 'less steel and other energy-intensive materials for

constructi on .

Buildinq Maintenance

There are severa'l energy conservation opportunities in this area:

opening windows and doors for natural venti'lation, reducing air condi-

tion'ing (most restaurants, for example, are too cold during the summer

due to excessive air conditioning), burning refuse for heat, us.ing

heat of lightino systems, heat wheels, heat pumps, and other total

2.

⌒
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energy systems.

3. 0utdoor e] ectrical adverti si nq

Energy woul d be saved by e'l o"mi nati ng e'l ectri cal adverti s i nq af ter

business hours or destricting on the maount of enerql consumed for

adverti s'ing purposes .

4. Business hours

Many businesses (especia'l1y grocery stores) sta.y open I ate at n'ight.

During an electrjc'ity shortage business hours could be curta'iled. However,

the financial repercuss'ions of sLrch curtailment must be cons'idered.
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TRANSPORTAT10N SECTOR 1・ノ〔ヽ

Transporting people aad freight consumes one fourth of the total U.s. enerry.I
Including secondary transport activities such as fuel refining and manufacturiag

transportation equipment transportation energy accounts for more than a third of

national energy consumption.2 Since 1!50 there has been a 4o per cent increase

in per capita energy consumption for transportation and, si.nce lp5O, the total
U.S. consumption for transportation has increased 52 per cent.J people are used

to being transported ever faster, more conveniently and comfortably, all at. the

expense of efficiency.

Efficiency

During the past decade, there has been a decrease in overall transportation

efficiency (as measured in BTU per ton-mile), prinarily because of shift fron

waterway and railroad to airplane and truck transportation of freight, the shift
from buses and trains to automobiles to airplanes for passenger inter-city travel,
and the shift frorn mass transit systeme to private automobiles for pasaenger inter-
city travel. The following tables from Eric Hirstrs report show the comparison

of efficiencies in traasportation4 (taking into account load factors):

Table エ ーー Freight― Inter―City

Mode         B主ュ/tOn mi■es

p■pe■ine           キラ0
Waterway           68o
rai■road           670
truCk            2,8oo
a■rp■ane        42,000

Tab■e II

Mode

bus
railroad
autonobile
airplane

-- Passeager-Intra -City

Btu/passeager miles

-- Passeager-Inter-City

■,6oo
2,900
3.4oo
8,4oo

Table III

Mode

bicyc■ ing 200
wa■king 300
bus ぅ″80o
automobi■ e 8,■oo

The most efficient freight transportation modes thus are pipe■ ine, water―

way or rai■roado  The ■east efficient modes are being used, however, because

⌒



of the 8?eater speed and flexibility of truck and air freight. The fasterr 
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more convenient automobile and airplane are used primarily for inter-city travel
rather than the more energy-efficient mod.es sueh as trains and buses. For intra-
city traveJ', automobiles are preferred over more efficient modes such as macs

transit, walking or bicycling. To add to the problem, the average number of
passengers per vehicle is low: (2.4 per car for inter_city travel, I.4 for
intra-city travel and 1.2 during rush hour),5

u's' T""ruport.tio, L\r"r coo"rrotior b, E d ur" s""to" .od tr\."f
The leading u.s. transportation fuel consumers are automobires which

coasume 55 per cent of the transportation euergy; tmcks, 21 per cent; anrl air-
craft t ?'5 p"t 

""tt.5 rncluding energy uses such as manufacture of automobiles,
and production of gasoline tires, and oi1, the energy consumption connected with
the automobile industry is 21 per cent of the u.s. energy budget.T

Petroleum accounts for 95 per cent of the total U.s. transportation fuer
a

use" which itself accounts for more than half the total u.s. petroreum con-
sumption' cument u.s. transportation fuel- consumption is 5.8 mirlion ba*e1s
per day of gasoline.9 Electric power accounts for o.1 per cent of the trans-
portation energy (or .19 per cent if secondary electricity consumption is in-
cluded ).10

By I9BJ, it is projected that autos and

portation modes, will use ?j per cent of the
(fhe total transportation energy consumption

the increasing demand for petroleum products

much of our traasportation fuel probably will

Montana cOnsumed 77。 7 trilliOn BTu fOr transpOrtatiOn purposes in 
■9719

most Of which was in the Form Of petroleum prOducts (see Energy F10w sectiOn).

aircraft, the Less efficient trans_

total U.S. transportation energy.

itself is also growing). Dre to

aad the dwindling domestic supply,

come from foreign sources.

V

V
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The petroleum section discusses Montana transportation energ.y cousumption

more fu1ly.

Conservat ion Suggest ioas

Perhaps one of the most important neasures for transportation energy con-

servation is increasiag citizen awareness. Citizeno should be made aware of
conse::vat ion measures.

1- keep car tuned; be 
'.re 

tires are properry infrated.

2. slow down (at 50 mph the rtaveragetr car use6 about 8o per cent Less

fuel than is used at ?j raph).

3' improve driving habits -- accelerate sIowly and drive at consistent speeds.

4. trarn up cold engine.

5. donrt race the engine.

6. plan d'aily schedule to iuclude a number of erands in one car trip
instead. of making maay small trips in the car duriag the day -- donrt

idle r+hile waiting for a passenger.

7. car pool if possible.

8. replace driving with walking or bicycliug for short trips (side beuefit
of health).

9. use city bus service.

10. donrt uEnecessarily use air conditioner or fao; accessories lower gas

mileage by as much as three niles per ga11on in cities and two miles

per galIon on open highways.

It is important that citizeas participate in traasportation planniag ancl

development. Aa exanple of citizen involvement in the transportation planning

process in Moatana is the Missoula Bikeway p1an.

D.rring nrsh hour, the average occupancy of automobiles

This is obviously very inefficient. car pools are uuch more

a good exeqple, state goverrunent should encourage car pools

is ooly 1.2 persoas.

, efficieat. To set

aJnong its eupJ-oyees.
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E:risting street facilities could be set aside for the exclusive use of buses

and car pools during rush hours, but this would depend upon the voluntary

participation of drivers. Insrrrance rate adjustments might serve as car pool

incentives.

Decreasing the number of parking facilities (by limiting future development

and decreasing the number of existing ones) or placing a surcharge on all-day

parking would discourage automobile travel to downtown areas and provide an

iacentive to take the bus or use car pooIs. Ttrese measlres, however, unless

carefully doner might shift business from downtown to suburban shopping centers.

The traffic sigaal systens of Montana cities should be coordinated to reduce

inefficient stop aucl go driving. Ihe cities also strould stucly revisions in

transportation plans to encourage efficiency -- (eog. corversion of two-way

streets to one-wayr elimination of parking on one side of street, developmeat

of special bicycle Ianes. )

Bike and pedestrian paths would nake it safer and nore enjoyable for people

to ride bikes or walkt and would reduce energy cousurption too. There is a need

in nost Montana cities for srrch pathways. Oregon, under its IIB 1r7OO, requires

one per cent of state highway funds received by county, city or the commission

to be used for the development of city and statewide bike paths. This would be

useful in Hontana.

Oae conservatiou measure defeated during the 1974 legislative session u,a6

a proposal to tax new vehicles based on their fuel consumption. fhe lower the

fuel mileage the higher the tax. This would have encouraged consumers to buy

on the basis of gas mileage. Ttris neasure ignores certain inequities because

one person may buy a car with Iow gasoline nileage, not use it much, andr cotl-

sequentlyr consuune less ga.soline than a person dri-ving a high gas mileage car

frequently. If this measure were to be implemented nationwide, U.S. manufacturers
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shourd be qi'ven time to compete effectively with foreiga car nanufacturers oa

the basis of gaeoline mireage (to avoid worseaing the balaace of payments

problem).

Increasing gasoline taxes uould discourage waste or inefficient use of
fuel' rt would be fairer than the tax on automobires becaus\nry fuel use would\
be taxed. The meastrrers conservatioa effectiveaess is dependent upon the price
elasticity of denaad for gasoline. Oae disadvantage is that low income and fixed
income persons wourd suffer proportionalry nore thaa the rich.

Most automobiles use less fuel at lover speed.s. (at 50 mph a car u6es about

20 per cent less than at /o mph). Moataoa has a new 1aw for a state-wide speed

limit of )J mph. The lorer speed Limit iavolves a trade-off betweea 1) speed and

convenience and 2) gas savings and safety. the increased travelliag tine and

cost for the tmckiag iudustry are two clisadvantages to this limitation.
Electric vaas woulcl be a partial solution to the energy problem if clean

and renewable method for generating electricity were used (e.g. solar or geo_

thernal). First, electric vehicles are clean (there is a single pollution source

at central power plant, however ) and require Little naintenaace. Second, the

eagine shuts off when the vehicLe is not noving so energy is aot used to id1e.
fhere are, however, disadvautages. Electric vehiclea are slow (3o nph na:ciurum)

and need to be recharged often (about every 3O-5O miles), and so arenrt suitable
for inter-city travel. However, using then for Montana postal- service, for milk
deliveries, and for other intra-city vehicles are sensible possibilities.

The Electric Vehicle News (trebruary ]".9?, reports that the Cupertino,

California U.S. Postal Service uses eLectric postal vaas. It takes about 14

kilowatt hours to power the vehicle for a nornal nail route -- about ll niles.
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fhe vehicles are recharged at night during off-peak electricity consunption
times' The cost to run an electric van is less than one-fifth the cost for
the conventional quarter-tou tmck used for a si-milar route.

rnproved rail se::vice in Montana would encourage greater use of trains,
which are far nore efficient than automobiles. Railway l4agaziae reports that
in 1971t u's' railroads bought about half as much fuel as highway diesels (in-
cluding buses) and camied about ?5 per cent more tons of freight per mi1e.

A reduction of the number of flights, and a corresponding increase in
flight distance (elininating mirk-run flights) would fill planes to greater
capacity for more efficient transporiation. (However, short-haul trips, z5o
miles or ,ess, account for only 3-B per cent of total passenger mi.es. )

About lo per ceat of the new oiI sold to lubricate industrial and automotive
engines is disposed of each year- waste oi1 can be recycled into lubricating and
fuel oils' ra 1971 the Anerican Petroleum rnstitute reported that the capacity
of reprocessing plants was half vhat it was in t965-66. There are several reasoas
for this declioe:

1' Adtlitives in trhigh perfornancetr lubricating oils complicate and

reduce the efficiency of the re_refining process.

2' some state laws and military regulations prohibit the use of recycled
oi1.

The &rcise Tax Reduction Act of 1955 exempts new lubricated oil used
in off-highway vehicles from taxes, but not re-refined oil.

is posslble to use a mixture of recycled and new fuel oi1 in power plants,
cost of recycled fuer may exceed the price of aew oiI and additives in the
may cause boiler problens.

う.

It
but the

used oil
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oil recycling probably will not be widespread untir the 1egar, technical
and economic restrictions are removed.

containerized freight and computerized yard and interchange contror greatJ-y

increase freight movenent efficiency and shouLd be encouraged, as should develop-
ment of new lightweight diesel, stratified charge, gas turbine, Rankine, and

starting engines.

with the shortage of petroreumr nelr fuels such as methane, methanol, propane,

and ethanol fron coaI, hydrogen from nuclear energ'y (as in a hyclrogen fuel economy),

and chemically stored hyd.rogeu ia nagoesiun hydride, annspia and hydrazine have

become attractive substitutes. serious probl-ens with these types of fuel include
their bulk, fire a:cd erplosion hazards, and toxic combustion prod.ucts. The

Transportation Eaergil R & D Panel of the Departnent of Transportation rates ethauol
second as an automotive fuel- (next to gasoline aud related petroleum derivatives).
Next are propaue, methanol, and liquid methane. fhe other novel fuels are not so

attractive.
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VIIIo  PRO」 ECTED SttATE AND NAT10NAL ENERGY CONSUMPtt10N

:!It is difficu■ t to make predictions, especia■ ■y about ti■ e

future.1:
―卜lark Twain

工    It iS impOrtant tO emphasize the uncertainties inherent ttn any

attenlpt to forecast anything as cOmp■ ex as onergy consunlption, which

invO■ves economic, po■ itica■ , socia■ , environnlenta■ , and techno■ ogica■

factOrs, to name on■ y a few thttngs having influence on thc encrgy

out■ooke  An accurate assessment of future consuml)tion lN70u■ d require

identification Of the most significant factors affecting consunlption,

estimatiOn Of the future behav■ or of those factors, anc eva■ uation

Of the sensitivity of energy consumptiOn tO that future behavior.

Thus a fOrccast wou■ d have to envision the future perfor:llance of

such things as GNP and Gross State PrOduction, prices and avai■ ―

abi■ ity of various energy sources, genera]_ price ■eve■ s, costs and

extent Of env■ roninenta■ protection ineasures, bus■ ness cyc■ es,

■nf■ at iOn, rates of cnergy consumptiOn per person and per un■ t of

product ion, techno■ ogica■ innOvatiOns, and sO fOrtho  obviOus■ y,

expectatiOns about each of these factors are subject to cOnsiderab■ e

differences of opiniOn, as are eva■ uatiOns of the sensitivity of

energy consuinl)tion to each factor.

It is a fact that in the i)ast, reasonab■ y accuratc projections

have been made for energy cOnstlnlption, such as thOse by e■ ectric

uti■ ities.  But the cOnditions wilich a■ ■Owcd projections of historical

trends to prove accurate in the past seenl to be changing.  We

appear to be enter■ ng a per■ od of trans■ tiOn fOr energy pr■ ces

and supp■ ies, for the natiOna■  economy in terl■ s of future growth
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ancl thc relationship of inflation ancl unenrployment, and for social
ancl political attitudes about where the country is going and how

it should get there.

Rapidly rising energy prices are a new i:henonrenon, ancl they
are taking place at a time when price increases in other sectors
such as food, transportation, housing, and many other areas are

creating significant economic instability. Inflation has become

a dominating influence instead of an irritating aboenationrl not
just in the U.S. but in most industrialized economies. Thus

pqst price projections, which are significant for most commodities,

including energy, are of dubious accuracy.

Serious supply shortages have recently developed, especially
in basic nraterials. The actions of the oil-producing nations with
respect to the supply ancl price of petroleum, and of Canada with

respect to the supply and price of natural gas, create considerable

uncertainty about the outlook for two of our major sources of energy.

I'lacroeconomics since Keynes has concerned itself with aggregate

clemand; the supply sj-de of the picture is nor.'catching up, not only

contributing to rapid price increases but also limiting the ability

of the economy to grow, as evidenced by the economic downturn fo1-

lowing the L973 oil embargoo

Economic forecasts made in November and December of L973,
)are far offl- forecasters now cannot even decide on the trend of

tl-re economy for the coming year, let alone five or ten years from

oolrlo Thus, inaking projections about something as closely tied to

economic conditions as energy consumption is risky business.

Finally, we are probably just beginning the debate over our

national and regional goals, whether trmore is betterlr should be

displaced by rrenough is bestft, (The Ford Foundatiorfs phrases),

⌒
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whether the tradeoff between consumption and conservation rvill

tilt more torvarcl conservation, whether the full social costs of

producing goods will be incorporated into prices for those goods,

what the nature and extent of environmental protection activity

shoulcl be, ancl what the implications of each of these ouestions

are for energy and the econofifr

The purpose of the foregoing cliscussion is not to suggest

that we give up in despair over all the uncertainties involved

in attempting to i:roject outr future energy consumption, but to

emphasize that no one really knows for sure what rvill happen in

the next decade, and that predictions a<lvanced by eitl"rer sicle

industry or conservationists - should be viewed accorciingly. 0n

the other hand, botir i-nclustry anci. conservationists ,1:r\,.-: valiii

anci reasonable points to make, and an effort rvill be uracle to l)re-

sent both sicles rvitliout becoming aCvocate for one or thc other.

II . Just as lrtontana t s economy has to be viewecr- rvithin the f ranre-

work of the Lj.S. economyr so must }lontanats encrgy consurnption be

viewed r,uithin the franrersork of national energy consurrirtion.

The growbh rate in the Unitecl- States t energy consur:iption realiecl

in Lg73 at 4.8'" p., y"."r3 a rate at wtrich the volurne of energy

consumptj-on r',oulcl clouble in 15 years. A number of fact.ors have

led to this higl-r rate of growth in consumptioni

Until quite recently, enerllJi rvas cheap conlpared to nrost other

commodities. The real price (in constant clollars, acljusted for

inflation) of energy actually ciecrine<l in the lreriocl 19;0-Lg7)
(tab1e 1). For exanrirle, the price of oi1, rr,hic.r accounts for one

lrall' of t',ire energy consur.reti in tire u.s., rosc ity onr;; jo; fror,:
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1948 to 19TZ wirile the general lrrice 1evel rose T4:14 amounting
to a substantial cLrop in the real price of oi1. simirar declines
in the real prices of natural gas and. electricity occurred. Durin.,
this period of decrining real costs for energy, wages and incomes

(
were rising, r leacling to increaseci energy-intensiveness in pro_
duction and increased use of energf,-consuming products like larger,
less efficient autos, air conclitioning, color televisions, frost-
free refrigerators, self-cleaning ovens, etc. rn short, the past
20 years irave been markecl by greatly increased energy use, increasecl
quanti-ties ancl varieties of energ/-consuming prod.ucts and a supply
of cheap and rvastable energy. Estimates of the current energy
waste in tlle U.S. range as high as 25( 1o 4}lir6 which seems rather
high, but reflect3the magnitucLe of the problem.

Other factors contributing to heavy use of energy included:

-Pronrotional advertising rvhich directly encouraged the use of energy
and indirectly added to consumption by promoting energy-consuming

goods,

-Development of the interstate highrvay system rvhich brought a

rapid increase in long distance, high-speed. auto travel,

-Subsidies to truck and air transportation which proclucecl a shift
orr'd$ frorn the more energy-efficient railroads,

-Passenger air fares rvliich increased on1-y 8i from LgSO-L1ZO while
bus ancl rail fares increased goil ancl. 47au respectiveLyrT

-Rate structures for natural gas and electricity rvhicll promotecl

consuntption by offering large-volume users significantly lower

prices,

-The gror.rth of suburbia, encouragect by fecleral income tax breaks

and federal loans, rvhich produced a soaring consumption of gasoline

⌒
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f or commuting and higher consumption of energy f or inclividual hornes.

Ittith the exception of outright waster Do value judgements are

intended here about the factors rvhich have encouraged energy con-

sumption; what may seem inappropriate in the liglrt of our present

energy situation vlas not necessarily inappropriate five, ten,

or twenty years dgoo

However, it is clear that times have changed, and rvhile the U.S.

energy consumption could continue to increase at a rapid rater say

4.5'1i r"" y"""r8 an easing in the rate of growbh seems more prob-

ab]-e for several reasons:

The consenses among economists seemsto be that the recent in-

creases are just the beginning of a period of energy prices catching

up to a more realistic share of consuner expenditures. From April 1973

April 1974, the price of natural gas rose over L2'3; the price

of gasoline over 66'/"; 11 nuel Oil, lOOr;; Diesel fuel, over 6O"i.9

Large increases in price wiJ'l provide incentive for voluntary

conservation of energy. They will also make economical the

replacement of inefficient machines ancl methodsrlO ,h""".. in

the past it rvas often cheaper to waste energy than to replace

inefficient machinery. Rising ener€iy prices may also encourage

substitution of labor ancl materials for energyrll since these fac-

tors continuously compete as inputs in the productive process.

The magnitude of the price increases to come i", of course,

impossible to predict rvith certainty, but average increases of about

sof, in the next decade are not unreasonable. The Stanf orcl Iiesearch

Institute estimates prices in residential -qrl<ct slrould increase

4 i to 6 i per :,'c.rr', r'rices to corumercial users sholtlc r-ise as a

rate sornewhere betrr,een the t,uo.12

Persistent increases of this nagnitude have not been experi-

to
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enced before, thus there is little ernpirical evidence for 1:re-

c.iicting the effect on consumption. And because of the lag in re-
sponse, the price increases of the last few years are too recent
to fully knorr' tl-reir ef fect.

The concept of price elasticity is usecl to measure the respon-

siveness of consumption to a change in price; it is clef inecl as the

$ change in consumption divicled by the I change in price.

Thus, a price elasticity of -1.5 would indicate that consumption

of a commodity would decrease LS,'o in response to a 10X increase

in price. rn general, elasticity does not have a time component;

the response is considered to be immediate. But with respect to

energy consumption, there is a long time interval required for

changes in utilization patterns to take effect. l{e are stuck

for the time being rvith our und.erinsulated homes, over weight

cars, and inefficient nrachinery, but as these items are gradually

replaced, the effect on consumption becomes apparent. Thus any

response is considerecl to be long-run: 10 years or soo

Factors rt'hich affect the elasticity of a commodity include

the availability of substitutes, the desirability or essentiality

of the conimodity, and the portion of the consumerts income repre-

senteC by purchases of the commodity.13 Each of these factors

suggests that the non-rvaste consumption of energy will not be very

responsive to price increases: There is no substitute for energy.

(lltlrouglr tire Cifferent energy forms are sometimes substitutable).

It is clearly essential in almost every aspect of our lives. And

its relative cost has bcen quite fsrlr- 3.6'" is the national average

of the cost of energy usecL in the home as a percentage of disposable
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income, although a few states in the colder climates are over

5i.L4 }iontana is in this latter riDgeo

Ilor+ever, the wasteful energy consumption previously alluded

to should be much more price-elastic.

Significant savings in private consumption of energy were ob-

served during the rrenergg crisisrr period of L973, and conservation

of specific fuels in a survey of business and industry rangeC

from 5-2O%rlswithout disruption of production, revenue: or eniploy-

ment.

Areas ruhere ma jor savings are considered possible inclucle:

increased adoption of small cars rvith less power equil:ment, improve-

ments in the efficiency of industrial products and processes (tne

nrore the price rises, the more means become economical for ilnproving 
i

efficiency), better insulation anc! nrore efficient heating ancl cooling

systerns, and efforts at individual conservation. The corubinecl

effect of these conservation cfforts might reduce enereiy con-

sumption in the U.S. 2O-3Oi by 1985 by one estimate (naviC Freeman,

director of the Energy Policy Project, Ford Foundation) but a

more realistic figure probably is 1O-15;i belor+ what projections

of current grorr'th r.roulcl indicate. (Table 2)

It should be notecl that there rvill be an increase<l der:rand for

energy for environmental protection. Fuel efficiency in cars is

expectecl to clrop lO-2 O !L6 ancl the share of energy f or the environ-

nrent r.rill rise fronr 2,', to 4:17 by 1g65.

In sumj:lary, domestic cnergy deman<1 s, des;;ite conservation

incerrtivcs, higher cnergy ;;rices, technological changes, anr' r,.ore

el'ficient inclustrial production wilI probably continue to {rolr'

stcadily throug,h tlre next decade, thougllr at a reclucecl ratc, l)er-
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hapS 3-31j i〕 er yCar, abOut ■ζ per year ■ess than the average for

the previous decade。 (Tab■e 3)

ギヽith regard tO price e■ asticity, it is inlportant tO rea■ize

that there is a supp■ y effect as we■ ■ as a demand (consumptiOn)

effecto  supp■ y of a cOmn10dity is genera■ ■y e■astic (responsive

to price changes)if it can be prOduced in many different ways,

■f techno10gy is On the brink Of intrOduc■ ng new means Of pro―

ductiOn, and if the system of distribution can be imprOved. 
・

8

Energy ■leets a■ ■ Of these criteria, and has been high■ y price―

e■astic fOr the ■ast 200 years. 9  The imp■ icatiOns of this are

obviOus:  ral)id increases in price may cause a substantial increase

in the supp■ y Of energy avai■ ab■e in the next decade, and sOme

econOmists be■ ieve this effect inay be even more pronounced than

the effect on cOnsunlption.20  ェf the supp■ y of energy dOes increase

substantial■ y, vo■untary cOnservation w■ ■■ prObab■y be fOrgotten,

just as nlany peop■ c thought the energy prob■ em was over when the

oil embargo endedo  This parenthetica■  nOte is not intended to

negate the previous projection of a decreased grOwth rate, but

rather to reinforce the origina■  point that n0 0ne rea■ ■y knOws

what wi■■ happen in the next ten years。

III。 lfith that in mind, we can move to the energy consumptiOn picture

fOr 卜10ntana.  Unfortunate■ y, the on■ y firm forecasts avai■ ab■e at

thtts tinle are frOm the Northern Creat P■ a■ns RegiOn Energy FOrecast

through the year 2000, which projects extensive deve■ opment Of coa■

gasification in 卜lontana by ■985, With a cOnsequent ■985 energy

consurliDtion of r110re than 2分  times the ■97■ COnsumption (Tab■ e 6),

a rate Of increase far higher than even the highest historica■

rates for thc state or the nation.

⌒
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Since there is considerable doubt about the likelihoocl of

gasification on this scale in ltlontana, it rvould seern more useful \/

to examine the average annual grorvth rate of energy consumption

in }.lontana for the past decacle (which was 3.2i) (fante 7) ancl

try to identify those factors which rr'oulcl ten<l to speecl u;: the

consumption growbh rate, and those rvhich would tend to slor,; it

down.

To emphasize an earlier pointe projections of energy consump-

tion in the state must be made within the framervork of econor^ric

projections for I'lontana, which, of course, are ultimately dependent

on the national outlook. Viewed in the light of our current national

economic situation, the GNP for the next decade seems likeiy to

grol{ more slorvly than it did in the past decacle; ancl this sIor..'-

down could be expected to af fect ltlontana t s rate of econontic

gror+th. Likewise, the probabl.g- decline in the growth rate of na- \-/

tional energy consumption suggests that l'lontana t s annual grorr,'th of

energy consumption may falI below the previous decadets rate of

3.21, per year, since many of the factors which influence the

national outlook are operative here, plus some additional factors:

-Utility rate structures nray be redesigned to encourag'e conservation

rather than consumption,

-We are nearing the end of nerv hydroelectric power sources, tlrus

the end of plentiful and inexpensive electricity,

-Prices of all energy products wilJ- probably be rising faster than

incomes, exerting downward pressure on consumption,

-Attitudes of the public seem less supportive of unquestioneci eco-

noi,iic anci population growbh,

-liigh rates of growbtr of energy consumption by cncr'{,,y- i-ntr:rrs;i.vc
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inclustries nray slor" dorvn in response to higher energy costs ancl intro-

cluction of neh' technologies such as ALCOAIs nel alurninum process

(wlrich is expectecl. to increase efficiency by 30 )21 plus the

fact that the period of these industries moving into cheap power

areas may enC rvith the end of cheap power.

-The rnarked increase in energy use by agriculture will probably

sloru, since most mechanj-zation has already been adopted, and fur-

ther increases per unit of output are not e*pect"d.22

Individual conservation efforts may or may not have a signi-

ficant impact in lrlontana, depending largely on individual attitudes.

For exarnpler if the State Legislaturers proposed $1.OO fine for

exceeding the 55 mph speed limit (later changed to $5.0O) reflects

most individual attitudes towarct energy conservation, then con-

servation efforts may have litt1e effect. One person is not likely

to drive 55 to save gasoline so that another can clrive 7 5.

In a larger sense, there is nothing d,nevitable about the grorv-bh

of individual consurnptioni it is partly a matter of individual

choice, based on d.ecisions about the desired quality of the environ-

ment and the desirecl standarcL of living. It is unlil<eIy that IIon-

tana resicients lviIl voluntarily alter their rlodes and standards

of living in any raciical way, but collectively they have the

potential to achieve large savings in energy if they choose to do

soo It renains to be seen whether they r*i11.

llot all factors in the state point to decreased gror..'th in energy

consunrption. As previously rnentionecl , environmental protection

nleasures r.rill tend to increase consumption. The stringency of

requirenrents, the <legree of enforcement, and the level of volun-

tary conpliance to the regulations r+iIl deternrine the additional

energy consume<l .

⌒
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The Irlontana Por.rer Company anticipates the possible addition of
such loads as 20-25 I\{\{ at lloerner-\{alclrof in LgZ7, 18 l.i\g at u.s.
Plyvrood in L975, 25Ir'11{ at Ferrio-Chrorne, 2O IrI.,,/ at Anacondars Arbiter
Copper Reduction plant, and perhaps 15 ]rIlU for r:retal recycling at
Conrad. They also expect the requirement for porver for agricul-
tural irrigation to i.r"""."".23

Large increases in energy consumption by the electric utilities
will occur if the planned growth of thermal generation facilities
proceeds, since the IJTU content of fuels consumecl by these plants
is consiclerably greater than the BTU content of the electricitv
generated.

The proposecl construction of the generation plants at Colstrip
i", of course, one of the hottest controversies in }.iontana. The

utilities clairn that I'iontana rvill experience power shortages in
this deeade without the Colstrip facilities, basecl on extrapolations
of historical growbh in lrlontana which ind.icate power consumi:tion
will grow at about 5-6i per year. of course, they woulcl justifiably
rather be too high rvith their estimates than too low, since it
would be preferable to cut back on generation if consumption laggecl

belorv predictions than to be caught rvithout aclequate capacity if
consumption outran predictions.

ilowever, electricity consunrption is subject to the same coo-
straints that have been mentionecl before: higher prices, uncertain
economic grorvth, conservation efforts, possible rate restructure,
ancl changing public attitudes about growbh. Thus it is quitc
possible that extrapolations of historical grorv'bh ratcs rnay l)rovc
too lligh. For exan,i:le, tlre nationts use of elcctricity c)urinll VI
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this previous Novenrber, December ancl January ran 10 j beloh' expecta-
a-

tions.'') i-]onneville Porver A<lministration announcecl that since thc
reglionrvide energy conscrvation prorlranr began in August l-973, actual
loacls underran est,inrates by an average of 6.75 i from Septembcr

tlrru necenrber of L973. And the llontana porver companyrs figurcs
for tlre past l2-month periocl show a growbh rate of 3.2.for26 *"LL

under the 5-6% predictiooso

These figures should be vierved r*ith some caution, however.

They represent nuch too short a time period to represent a sig-
nificant trend for the future; a 12-month grorvth rate of 3.2;!

does not mean that the next decade rvilI necessarily show that rate
of grorv'bh. The eventual figure is more likely to be somewhere

betrr'een that lorv figure and the previous expectation of 5-61.

lioreover, tlrere are several factors rvhich favor tlre long-bcrnr

outlook for electricity consumption:

The uncertain supply status of natural gas and petroleunr, anrl

tlre likeliliood tirat their prices r.vi11 increase more rapiCly than

tlre price of electricityr2T wj.J-t tencl to increase the consumption

of electricity relative to the other two. Electrical efficiency
has substantial potential for improvement, both in conversion

ancl utiliratior.2S Electricity is the best form of energy in terms

of versatility and convenience at the point of use, and it can

be nraci.e from many primary fue1s, nrininrizing the problem of depleting

resourceso It is also favored for the long-terrn because the futurc
basic sources of energy - fission reactors, fusion, solar - r*il1

i:rocluce electricity. Increased penetration (share of the market)

by electricity seenls like1y; by 1985 it is expectecl that lj l more
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energy consumption rviIl be e1ectri"a129 close to one-half tlre

total energy consumption. Thus to say that the utility company

forecasts may be too high is not to say that additional generating

facilities will not be needed, but that they nay not be neeCecl as

soon as the utilities have estimated. There is little doubt, horn'-

ever, that electricity consumption will continue to grorv substan-

tial1y in the state ancl the region througl-r the next clecade.

It/ith regard to Colstripr and the export of Colstriprs elec-

tricity to other states, argunents have been made that I'lontana slroulcl

look out for its own interests, and Iet other states take carc of

themselves. This ignores the interconnected network of electricity

generation and transmission facilities lvhich already cornprise the

rvestern regionts electric syster,r, permitting greater efficiency

ancl conservation by allorving the sharing of power during peall loacl

periocls. These arguments also ignore the fact that the states can

no r,rore be indepencient with respect to electricity ti-larn they can

be j-n any other phase of comnercc o It seems sor:rewhat nryopic to

arbitrarily claim independence of other states on this one issue

when in fact the econornies of the state, region and nation are based

on the continuous exchange of goocls anrl services. At a. tinre rrlicn

both the energy anci the econonric situation are somervhat precarious

in this nationl r'.'c need inore ■nterstate c00peration, nOt ■ess。
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TABLE l

VALUE―W電工GHI;1。
1)31普  :;7:NERGY PRICES,

(■ 960=■ oo)

Year Index

■950
■955
■960
■965
■970

■07。 2

■03。 9
■00。 0
93。 5
85.4

AVERAGE ANNUAL RATE OF CHANGE OF ENERGY
PRICES, ■950-」UNE ■970

Period @
■950-55
1955-60
■960_65
■965-70

―.62
-・ 75

-■ 。3■

―■o73

Source: An Energy Policy Primer
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ESTIMATED
(See Tab■e 3

TABLE 2

■985 U.So ENERGY DEI,IANI)REDUCTttOl」
for comparison with tOta■  cOltsunlption)

Conservation
Industrial conservation measures
Transportation

Lorver speeCs, car pooling
AirplanC load factors

Space heating efficiency

Blr Use of Energy-Saving Equipmcnt
Sr:raller, n:orc efficient cars
Other transportation savings
Detter builcling j-nsulation stanCarCs
R.esidential and commercial equipment
Industrial i;rocess efficiency

Total conservation potentials
Less 1j percent for 1:artial overla,->

■。5

■。0
0.3
■.0

2。 0
1。 1

■。1
0。 4

■60
9。 イ

|

8。 0

To achieve the above, the pl-rysical requirer;rents r.rouJ.cL be the
f ollorving:

-Convert the autorlobile population fronr its prescnt 3O:7O
ratio of small to 1ar61e cars to at least an average of j0: j0 by
1985. This rvill require the procluct:ion of /i million 1i1;lrtr.'ciglrt
atutomobiles in the next 1O ye:rrs.

-Expand nlass transportation facilities in largc cit-ics.
-Ensure that construction of 2O million requirecl irousing units

have substantially improved insulation.
-Iiake industrial processes l0 percent less enerEly-intensive,

on the aversg€o
-Do rvithout energy through economy nreasures and urore efficient

energy space heating like heat i)urlps.

Beyond tl-ris is the reduced cLependence on oil through greater
use of coal and nuclear fuel sources. In 1O years the pressure on
petroleum fuel can bc reducecl substantially, proviclecl barriers to
clirect use of coal ancL nuclear fuel for electricity are removeC.

POSSIBLE GOVERNI'MNT ACTIONS

Iiany of tlre results above can be achieve<l througli the nornal
rvorl<,ing of the Nartionrs econourj.c system. Ilorvever, {lovernr.;ent can
1r1.ay an inrportant contributin6i rdlc through the follor','ing actionsl
-irttlced, govcrnrlrent lcaclershii> nray be tlre liey to cffectit'e conser-
viition aclricvcnrents.

Source: U.S. Energy Prospcct,s
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TABLE 5

The apprOxinlate ■973 consumption Of
ntajOr areas Of use, was:

energy, accorcl ing to the

ESTI}.IATED ]-973 U.S. ENERGY-USE PATTERNA

Use Area

Percentage o
National

Use
Equ■ va■ent

卜lBPDTransportation
Space heating
Process steam
Direct heat
Electric drive
Lighting
l'Iater heating
Feedstocks
Air conditioning
Refrigeration
Cooking
Electrolytic processes
Other

25
■8
■6
■■

8

D

4
4
3
2

■

■

2

■00

6。 39
5.75
3.87
2.73
■097
1。 44
■。29
■。09
0.69
0.35
0。 45
0。 84

ヘ

TOta■ 35.68
a::首

:1:::1, IP:III:p:lat::冒 . :::Il:::d :・
atiVe trend data by

)nergy consumptiOn ■n
L973.- The difference between this energy consumption ancl
energy demand in chapter 2 (37.2 I{BPD) is accountld for byports and changes in stocks.

use

the

ex―

Transportation uses more energy than any other single area.It is uniquely dependent on oil as the only fuel system presently
suited to the mobility of the u.s. life style. rt is the area
for the greatest efficiency imporvement, as will be reviewed inthe next section.

other major opportunities for reducing waste and improving
energy efficiency lie in energy supply for the following:

Process steam
Direct heat
I{ater heating

16
■■

4
Lighting
Tota■  0

⌒

Source: U.S. Energy Prospects
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Coa■

Electricitv State:
Hydropower
leasing sites
DSL: A5

I'e$gral:
VI

Exploration
and

Extraction Transportation

State:             State:
Surface Min■ ng,    Vn■ t Tra■ns,
DSL: A■ , B■―う      PSC82;

Federal:             S■ urry Pipe,
I, A,B            DNR: B2;

Processing
or

Conversion

State:
Electrical gen-
erating plants,
gasification,
liquidfaction,

State:
Air and water
pollution from
refinery, DIIES:
81-2

Federal:
III, D

State:
Enrichnent pIant,
DNR: A1; Milling
control of tail-
ings' DIIES: A1

State:
DNR: A■

Federal:
V, A

2Uu

Consumption

State: 
\'/

Petroleum
Transportation
rates, PSC: 81

State:
Electr■ cal
energy rates,
PSC: Bl

IXo  MA」 OR SttATE AND NAT10NAL ENERGY REGULAT10N

Out■ ine and Functiona■  Key

(Reaa across the energy flow process and down to the source of energy to discover
to governmental units (state and federal) charged. with regulating the situation.
The Roman'numerals, letters and Arabic figures refer to the descriptive outline ofregulatory policies that follows this key. Thus: Coal extraction is supervised
by the state Lands Department under procedures described in Parts A1 and BI-J of thestate outline, which happens to begin oa the next page.)

Transportation DI{R: Ar1
of secondary Eederal:
coal products, I, D

Petroleum
and

Natural Gas

State:
DNR: Cl

Federa■ :

III, A,B

B■

Federa■ :

I, C

State:
Transm■ ss■ on
lines, DNR: A■

Federal:
II, A

State8
PSC: A■

Federal:
III, C

State:
DHES: A■

Federa■ :

IV, C

State:
Power ■illes,

DNR: B2

State: State:
El-ectrical gen- Blectrical
eratiug plants, rate, PSC:B
DNR: AI Federal:

Ir, B

Uraniun
and

Nuclear

Geothermal

State:
Surface m■ n■ng,
DSL: A19 B■ -2;

A■■ types, DEES:
A■ : Solution
mining, DHES: A2

Federa■ :

IV,A,B

State8
DNR: A■

DSL: Department of State Lands
DNR: Department of Natural Resources
DHES: Department of Health and Envi-ronnental Sciences
}'SC: hrblic Service Commission
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St;tc lrncl Irecicr"al Encrgy -tlegulation

State ( Lrl llc"r.cy)

Dei;artnrent of Stauc Lantls (nSl)

A. leasing: The Boarcl of Land Conrmissioltcrs may lease .state

lancis r.rhich inclucles lancl under navigable lalces zrnd

streams and lancls wl"rich l-rave been solcl" but the state

reservecl, urineral ri6;hts for (except rvhere the U.S. li:rs

reservc(l nrineral richts).

1. coal: (81-501-51O); may lease state lands for rnining

anc'i selling of coal. It nray lease lands for coal

vrlrich have been sol<i but rvhere tlre state reservecl

mineral riglrts. The statute contains a provision

rvh,i-clr requires tlrat coal be clevelopc<l to prevcnt

h'aste anrl to irrevent future urining operations

frorir bcing rrmore clifficult or expensive.rr There

is not specific reference in the statutes to

nininrization of rLantage to envirortment.

'.). uranium: ( 81-60I-62O); uraniunr is include<l in the

leasing provisions for rnetaliferrous ninerals.

Thc state may lease lanci for this purpose or it

il',a;, glrcnt prospecting perr:rits rvithout a 1easc.

lloyalties received from these urining lcases are

not lcss than 55i1 of the fu1l niarkct value or of

tlrc returrrs front the netals relttoved or resert'ecl

nineral rights covclred by lease. State J-and can



State (cont. )

Departrrtent of State Lancl"s ( cont. )

be leased f or rnultiple uses , i.e. , uranium anc,

2(り£

coal.

oil anc1 gas: (8f-f7of-1731): oil and gas may be

leased on such lancls rviiere agriculture and grazing

leascs also exist, but must be protected fronr

destruction or harm by the oil anci gas lessee.

In every oil and gas lease, the state reservcs

the right to se1l, le;:se or otherwise clis.rose of

tire surface of the Ian<1s, subject to the rigirts

of tlre oi1 and gas lcssee, i\11- oil ancl gas lcases

arc subject to certain conditions of 1)ro.Der nran-

agenrent of the rcsource.

gcothernral: ( :f-Z 6Of ) ; Tl're L97 4 leilislature eriri)olr,cre (l

'tlre lioarcl. of Land Comrnissioners to lcasc stat.c

Ian<ls for tlre prospectingr c,'ii:loration, rr,el-l con-

struction, and the production of geotitcrmal resottrces.

All leases are for a prinrar}, ternt of tc:rr y()arr:l

ancl for so long tlrereafter as geotllernral r()sourccs

in .:aying quantities are proclucet'. as lon,g as tl.c

terlrs of the lease are met.

hyclropor,ver sites: ( iif-f 801) ; Leases arl,.' licenscs

of f ifty-ycar tcr::rs f or the clevclopr:rent of l:f ilro-

i)o\1,()r' titlrY bo .Lsl;tt('t] by t.]rc i],oar"<l . 1t. i,'.' llot-. .rCI-

niissilble f or tlrc i-ioirr(l t.,o at r,<rt'i. Lsc: f ol sLlc or

scll state lancls constitutinf :.rol,'er sil-cs or

r;:'.rts ol' polvcr sites. Ti:c r-oarr'' r.'.a.]' el-.:t: coo )cr-

（
‘
υ

′
■

″
ヽ
コ
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⌒

Sta.te ( cont. )

)epartr;lent of State Lancls (cont.)

ate rvitl'r the Federal governnrent i, joint c.ievelo::_

nrent of a site.
;]. c:..,1orat-ion ancl extract,ion: coal i:ntl uraniur:r, surface

l11■ n■ ng.

■。  st ril, 1line Siting Act: (50-■ 60■ ); rcgu■ ates cOa■

and uraniun surface l■ining, requires an app■ i_

cation fOr a mine site befOre any l)reparatOry

l170rlこ  is(10ne o  App■ icatiOn nay bc rcfused on the

grOunご s that the l■ ine site is nOt consistcnt 、fitil

tlle llec■ alllatiOn Act。

貧。  Strill lttillc llcc■ alllatiOn Act: (50-■ 036); 1・ egu]ヽ atcs

co■ 1_ an〔 l uran lulli surfacc l■ining, anti l)rosiり cCtillご .

AIl al)r)licati61. anci bOnd is rc(lui rc(l fOr bOtll

str'il)lllinc an(1 1)rosl)cCtirig l)c rillit s.  Tllc at)1)li_…

catiOn illust contain a detai■ e(l rec■ alllati011, re―

vecctatiOn andl rellabi■ itatiOn p■ an fOr the ■and

and 、1「atcr tO be affectedo  Thc apr)■ icatiOn illust

bc acc011lpan■ ed by a S50 fec and a bOnd Of nOt

■ess than 3200 all acre or r10re than $2,500 an

acre as cleter*inerl l:y the boarrl. The boncr can-
not bc repracecl soo,er than five yci,r.rs aftcr r;ii-,in;1

l.as sto).:ccl . In ai:illying f or a t;rosl;ectin,I
'':erniit, the aitolicant lnust subl.rit a 9r.os1ectin11

r,iap ancl recla;ration plan rrir,.,er,i15, tl,e slar.ie as

tl:osc for s;tri-; r,rining. Joth :err-.r.Ls ar.e gooci

⌒



State ( cont.. )

l)cpartnent of State Lancis (cont.)

2o`i

う
０

fOr Onc year an(l may be renOw94, slspellclec_, or

rpvoked l〕 y the boar〔]for nOpc9Jlu)■ iancc.

Tllc cLepartrrent cannot or).rrovc au ;: rr;lication

if thc information ancl i,si;ccticns inrlicr.Lc t.i:e

actls purposes r..,i11 not be fulfiller,i. ,rr-lso, t,:c
a,:'.,licat:i-on ci.n be rleniecl i.il tlrc a.ffcct,cr' art:;..

l:r.',s special, criticalr or unique characteristics.

Tl-.ese inclucie areas of biological ;:roc'-ucti.r,it1,,

tlre loss of rriricir jeal;orcij-:;cs ccr"tain s-;ecics

of r,r:Lld-Iife or <ior::cstic stocli; or ecolo:.icei
'fragil-i.ty, to tlie scltse that t,irc l;nr'., oitcL.. .-i -
\rcrs;cly af'fcc'{-gril coul<l not rcturn tc i.:,. fot;.,er

ccolog:Lcal rol-c in tlrc rcasoni:i-rl-e for.csr,:c:il.ll-c

fnt-,urc; or. ccoloi'; i-ca1 ir;rport,arrce, in tl:c scnro

tlrat tire i-:articula.r l-ancl 1r;.:s sucl: a str"ou..; _Lirilucnci:

.rn tlre totarl ccosystcnr of, r.r1:icl: j-t ic :'- .--r..r.t; t:..:t

c\rcn tcn:.-,orar)r cffecis fel-t l-ry rt couI.' -:r'cci-
pitate a systeiir-'"";ir'le react.ion of un;rcr._l-ct-, llblc

sco,ic or cl.inlcnsions; or scenic, lristor.:,c,

arcireologicr topogral.rlric, geologic, cti-r:o1-or';ic,

scientif ic, cultr-rra1 or recreational si'lnif :-c.]ncc r

Coal Conscrvat.ion .',cL! (jO-f4C3;, rer:ulatc= r.l:c

c::traction ofl coal. -i-n that rrarlietable co3.1 cen-

not Lr: rtr:stcri nr:r l.lincc. in :1 suriace i,ri-ne . -[-.

rcrluires a truo-ycar i)criiri'i. :,ntl t,.c:-c arc civj--l-

.cnLr. lt i-cs f or norr-conr;rIi.tncr,:.

V

V

V
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-r a

lcl,'artrnent oi }Iatural iic:;ourccs; (l:llil)

.;r'occssinr,; an(' colrvcrs.Lon of coal

■。  Ut tt■ ity Siting Act: (7O-Btif ); rrrrlu,Lrcr.; tl:at; i:lants

to convort coc,,l, i,n electric stcaiu gcneration

':Irnts, gasification .-:lants ancl J-ic;uidfaction;

as r,re11 as uraniurrl enrichment ancl geotherrna. l

facilities ancl facilities associateci to tliese

t;.'pes trf 1:lants must receive a certifi-cate of

.rub1i.c neec! ( f or f acilit3r) and environrrental

cor,rpatability.

transport,a.tion (of coal in processecl forns)

1. Uti-lj-t3' Siting Act: (ZO-S01); rcquircs that a1t

a. electric transr,rission lines carr.yitrg 31...5

I:iiovolts (Lv) or f.iore (e>:cei>t 69 kv lines or less
abovc ground lcss tltcrn lU nilesr or 161 I;v lines

or less underiground less than j' r:ri1cs in lengtll

or l-61 i:v lincs or less, 3O niiles in length or

lcss) slra.ll bc covcrecl by tlte act anci r,,,'i11 re-

quire a. ,rerl:rit. Lines tvhich carry gas or liquici

iri'r'rocarbons from the gasification or lieuirlfaction

i:lants are also coverect uncler the act. All require

a certiUicate of public neecl ancl environnenta.l

cor.Liratebility.

I'/irtcr l]sc Act: ( 89-367); tleclares that rva.ter f or

slurry pipe transportation of coel is not a

beneficial usc; therefore, r+ater cannot be useri

for that purpose.

′
´
`ヽヽ



2U ttState (cont. )

Departrnent of )Jatural lLesources (cont.)

C. extraction ancl, exploration of oil an<,1 gas

1. Oil anC Cas Conservation Division: ( 3/:-1302O);

covers oil and gas e>ltraction, grants ;:crniits
for oi1 and gas r1ri11ing; it contains proclivisions

rvhich prohibits r,;aste of gas anrl oil in tite e:;-

traction l)rocess. Steps havc been talcen to

rriaxiniize utilitization. of both oi1 ancl gas fror;r

a rr'ell with high oilf gas ratio rr'here before natural

gas r{as rvastec.i . A1so, there :irc .;roglrins to

help seconclary recovery of oil-.

tublic Scrvice Conurission (PSC)

A. transport:rtion of oil ilnr'l p;as, corl

■。  Tllc l)ub■ ic servicc coliullission has tllc authoritv

t.o sttpcrvise, reglulate and control all ;ublic

utilities. TI:is r.roultL include r"ailrvaysr Sas ancl

electric utilitics, conuirercial trucl<ing ancl

intra-state i:ipelines for oil ancl gasr It grants

perrnits on public convenience anC necessity. It

also regulates rates for these services.

i-i. coosllliii)tion: electricity

1. Tlre Pub1ic Servicc Coiiurission has thc auti:ori-ty
't.t grant or dcnl' r'ate increascs for elcctri-cit]-,

nlt-,trrirl. i{as anrl ['trt:I o i.] s. 'Ilrc,u' r:r.is in.I ti:e

t.,ri-cc of energy v.'oultl lri:vc an cffect u:on tlrc

consur:rption of cnergy .Ln tliat ,),Jo,' |c ,^erlcra L L.7

Lrse less rr'hcn thc cost ir, si.,:,rrif'.i-crrlt, li' ,,i;r,..
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St,ate (cont.)

1)epartr,ient of irealttr ancl Environmental Sciences (ltiES)

A. cxtraction of urilniur:r

1. tLadiation Control Act: (69-5801); regulates all

aspccts of pollution from radioactive sourc€so

It also reglulate..i health and safet5, of rr,orl<ers

of rad,ioactive sources. Some functions of this

act are administered by AEC (primarily those

beyond mining activities) however, the state

could assunle this function by gaining agreement

status. (this is being considered. )

2 . Water Quality Act: ( 6g-+8OZ ) ; rr,ould" regulate

.rollution fron solution r:rining from other than

rarlioactive sources, ie.1 aciCic leaching sub-

stances contanrinating groundr.rater.

I-j. regulation of processing or conversion; iretroleui:r
■.  1ヾ ater Qua■ ity Act: (69_4507); regu■ ates eff■uents

frOm rcfiner■ es according to standards.

2。  Air ttua■ity Act: (69-3904)3 rcgu■ ates eff■uents

from refiner■ cs ■nto a■r accOrding tO standards.

⌒
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Energy Resulation

Fcderal (b). r',ctivity)

A.

■・  Coa■ Extraction an〔 l Exp■oratiOn

3xp■oratiOn

■。  Bureau of Land lianagenent.  Grants i〕 erinits for

prospecting (survoy ancl cxP■ oratiOn)On r)ub■ ic

(10■lai_n and acquirecl ■an(ls whicil, at thc tillle of

■ssuancc, are not knol・ .7n tO COnta■ n wOrkab■ e

coa■ depositso  Coa■  prospecting per■ lits contain

l〕
rovisions which give perilittees preference rights

to cOa■  ■cases shou■ ご conrllercia■  quantitics Of

cOa■ be discoverc(1.  Lands l,こ ■01fn to cOntail■  l,Orlこ “

ab■c cOa]_ deposits are ■eased through c01i11)etitive

bids.

2。  Forest Scrvice.  Grants specia■  ■and use l)e rlllit s

fOr ge010gica■  and geophysiccrl■ prOspecting)On

Forest Service a(11llinistered ■ands l′711iCIi llavO nOt

yet been ■eased.  Reccives ■easc aFI〕 ■土catiOns

an(1 lnakes recoll■ 1len(lations an〔 l i〕 rovides sti ul_atiOns

to BLli l)rior to issuance of ■ease。

3。   UoS. Geo■ ogica■ Survey。   ■ev■cws survey an(: e](1,■ OratiOn

perElit al〕
l〕
■ications sublllittecl to BLll _,1・ ior to ]_casing.

E〕こt ract iol■

1_。   1)ttrcat1 0f Lan(1 11〔 1lla「 cmcllt e  Coll(l tl(lts coiliヽ )tttt iv(〕

(Ir)a] 1_()|、 sc s iλ ]_es(「 )l■  tl〕 (〕  tlt i tc 、1)11(上 1■  `1ヽ
・  C ょ■1ヽ じ
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Coal i,xtract.ir-rn an(l Iixirlorat.i-on (cont. )

'f r';rn si;ort ation

f . iiai1r.,ays to nerr, ruines

Forest Service.

it ar-.lniinist€rs o

０
た

3。

Litn<rs, i nclurl ing Ian<!s ac'lrtrilrist.eretl bv t lrt'

Forest Service anrl lanrls t. lrat courprpiss thc IriI<t-

life ltefuge Systern. f ssues i:reference right

leases r^'llen pernrittee qualif ies.

U.S. Ceological Survey. Evaluates clata ancl pro-

vides a<.lvice to BLll regarding areas proposecl for
leasing; approves mining plans, and supervises

operations conclucted under IlLIri coal leases.

Forest service. itegulates access roaris tlrat leacl

across [rorest' service lancls to areas rease<] for
coal lrrorluctionl Forest service revier,,s leasing
actions proposed by the BLI\I anC recoruurencls

stil;ulations to be inclucled in such leases.

Coa.l- nrining operat.ions on leased Forest Service
lancls are regulated by the usGS. I?orest service

1,lublic clonrain lanrl s can be leaserl r^,itl.,out Forest

Service co.c*rrence; Forcst service acquirecl rancs

can be leilserl orrly r"ith For-est. ser.vice concurrence.
Oureat.t of Sport Fisheries and h,ilcllife. provicles

aclvice ancl assistance regarrrl ing :rctii:ns .:roposeri

by 3Ll , to lease coal ancl reconunencls stilttr-
lations to be includecl in suclr 1ea**6,s.

Grants rights-of-way across lancls
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Fetler:r1 (cont. )

Coal Extraction and Exploration (cont.)

Corps of Engineers. Issues pernrits for activi-

ties in or affecting navigable waters.

Bureau of Sport Fisheries anrl \,/ilcllife. Provides

advice ancl assistance with regard to right-of-

way granting action by ill-l.i or Forest Service and

recornmends stipulations to be includecl in such

permits.

States. Issue land use permits in accoradnce with

applicable laws.

D. Processing and conversion (water)

1. Ilureau of ReClanration may sell fecleral 1r'ater to in-

clustrial users f or conversion f aciliti"t. 
-"-

,.: 2. Corps of Engineers. Issues pernrits for activities

in or affecting navigable water.

3. Bureau of Sport Fisheries and Wildlif e. llevier+s

Corps of Engineers permit granting action ancl

reconmtends stipulations to be included in suctl

permits. There is no federal siting law at this

time, one has been proposed in congress.

II. Electricity

A. Transportation

I. Forest Service. Crants rights-of-way across lands

it adrninisters.

J$It is unclcar rvlrether Burcau of lieclamat.ion can seII l.'ater
for irr<lustrial purpose ancl urltat tvoulcl constitute fccieral
rtater under lJureau of l(eclarnatioxr jurisdiction ratl-ier
tl-ran a state agencyr
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L lcctricity ( cont. )

2 . ilureau of Land }lanagement. Grants rights-of -r+ay

across lands it adnrinisterso

3. Corl>s of Engineers. Grants permits for stringing

of lines navigable waters.

4. Bureau of Sport Fisheries ancl l{ilcllife. Provicles

aclvice and assistance regarding proirosed right-

of-r+ay granting actions by BLI'i or Forest Service

and recomnrencls stipulations to be included in

such right-of-1{ay permits. Provicles advice ancl

assistance to Corps of Engineers with regard to
perntit granting acti-on and recomnrends stipulations

to be included in such pernrits.

5. Atomic Energy Comrnission. Considers i)orver line

routes in granting construction license for nu-

clear power plants.

6. Federal Power Comnrission. Considers power line

routes in authorizing construction of primary

Iines frorn licensed non-Federal projects on lands

subject to Fecleral juriscliction.

B. Consumption: F.P.C. regulates interstate wholesale

power rates.

III. Petroleum ancl Natural Gas

Exploration

1. Bureau of Land I'ianagement. Receives notif ication

of survey ancl exploration prior to leasing on

public domain and acquired lands.

A.
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Petroleum and Natural Gas (cont.)

i\ ?. Forest Service. Grants survey ancl exploration

permits on Forest Service administered lands rr,tricl:

have not yet been leased.

3. U.S. Geological Survey. Reviervs survey and ex1:loration

permit applications submitted to the BLM prior

to leasing.

B. Bxtraction

1. Bureau of Land l*lanagenrent. Conducts oil and gas

lease sales on the public dontain and acquirecl

lands, including lancls adrninistered by the Irorest

Service ancl lancls that contprise the l{ilcllifc

liefuge Systent.

2. U.S. Geological Survey. Evaluates data and provicles

advice to BLI'{ regarding areas proposed for leasing,

approves production plans and sultervises operations

conductecl uncler BLI'I oiI and gas leases.

C. Transportation

1. Federal Power Conmission. Issues certificates for

construction ancl operation of interstate gas (not

oil) ;rilrelines. In cleternrining rr'hether a pipe-

Iine should be grantcd, FPC takes siting and land

use into account.

2. Bureau of Lanct I'lanagement. Crants pipeline ri-ghts-

of-way across lands it a<lministers rvhich inclucle,

for l)uriloses of transportation of oil ancl gas,

National Forest lands reserved frorn tlie public

ionrain.
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FeCeral (cont. )

Petroleunr and Natural Gas (cont.)

3. Bureau of Sport Fisheries anrl trVild1ife. Provicles

ar'lvice and assistance regarcling proposed rights-

of-rsay granting actions by BLIr, or Forest Service

and recommends stipulations to be includecl in

such right-of-trr35r permits. Reviet{s Corps of

Engineers pernrit granting action ancl recommend.s

stipulations to be includecl in such permits.

4. Forest Service. Grants pipeline rights-of-way across

lanc! it adrninisters.

5. corl;s of Engineers. rssues pernrits for activities

iin pr affecting ruavigable rvaters.

D. Processing or conversions

1. States. Issue lanrl use permits i)er applicable larn,s.

2. Corps of Engineers. Issues pernrits for activities

in or affecting navigable rr,raters.

3. Bureau of Sport Fisheries and l{ilcllife. Reviews

proposeci Corps of Engineers perniit granting action

ancl recomnrends stipulations to be included in

scull a permit.

4. Nation;r1 Oceanic anc! Atniospheric Aciniinistration.

li.eviews 1>roposed actions by Federal agencies to
grant pernits rvhich affect nlarine life ancl the.ir

habitat.

I1,/. Uraniul,

A. Exploration

1. Bureau of Land l.anageraent. Exploration for uranium
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Federal (cont. )

Uraniurn (cont. )

anci thorium on BLli adnrinisterctl i_:ublic clou:ain

lands is in accorciance r+ith tlre ]riining Larr' of

1872; no perruits are requireci. On acquircc'

1enc1 s, e:tploration for uraniunr arrcl thoriuni requires

a perurit if lancls arc not lcnor.,,'n to cont;rin

r,iorlcable uraniur'r or thoriunr c.le;;osits. Sucir a

permit contains 1:rovisions r*hicir give i;ermittees
preference rigl:ts to lease coriunercial <i e;>osit.s

of uraniun ancl thoriurr. Acquirecl lan<ls knor.:n to

contain r.rorkable uraniulir or tlroriun cle osits are

leaseo: through conriretitive l-ri.ils. On acouLreti lancls,

permits arc requireci for an-v roacl buil<ling clone j-n

conjunction witil survey and e::.irloration even rr'itert

suctr a survey ancl exirloration cloes not. require

a J>ernrit.

2 . Forest Service. Exploration f or uraniurii ancl thorium

on public domain lancls aclninistered by the Forest

Service is clone in accordance r'rith the l.ining Lart

of L972; no 1;ernrits are requiret-l for 1:rosirecting

altlrougtr irerruLt,s itre requirctl for ro.lt'rr btrilt

in conjutnction rr i.t-.h s;uclt survey:1 . l'r'os,:ectirt,'.

for uraniurn an<l l,lrorium Ln r''riI<lerness i.-rtc1 1)rir:.1-

tivc areas does rc.quire Irorest Servicc ;;erl:,its.

On ilcc;uirecL lancls, Forest Service revicr.,'s appli-

cations. It provicles iL]1 rq'itl-i recorirren(lations

anrl sti;;ulations 1>rior to issu:rnce ol lr::;:ses
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.jrarniur.r ( cont. )

r,:l'. Lclr r:'.ust have Foresi Service consent.

3. LT.S. {l eological Survey. On ecquirecl lantis, reviero,s

survey ancl exirlor.ation perr;rit airl;lications sub-

nij-ttcci to thc 3Li-. A;:itrovcs cxirloration 1:1ans

anri nronitors activities conductecl uncler BLl, i;erniits.
Ii. i ining ancl nrilling

1. l]ureau of Lancl l.ianagement. Production of uraniurl

ancl thoriuni on public Comain 1anr1s is done uncler

the Lining Lar.r of L872 ancl Coes not require a i)er-
mit. A BLIri 1;errnit may be required to construct

access roacls to uraniurn and thorium mining areas.

Uranium anrl thorium locatecl on acquirerl lands

arirninistered by tlre BLI'i are leased in the sarne

fashion as coa1, oil and gas.

2 . Forest Service. Procluction of uraniur,r ancl thoriunr

on i.rublic rlourain lancls ariministere<l by the Forest

Service is ctone under the l,iining Larn' of LBTZ ancl

<loes not require a permit. Ilorr'ever, sucli r)rocluction
oirerations on Forest Serviee administerecl public

clonrain lancts rnust be in accordance rvith Forest

Service lancls to uranium and thoriunr mining areas.

Urani.unr ancl thoriunt locatecL on Forest Service

acquirerl lancis is leased by the BLli subject to

stipulations requirecl by the Forest Service.

3. U.S. Geol,ogical Survey. On acquirecl lancis, USGS

evaluates data ancl provides advice to BLIrI regarding
areas proposed for 1easing. Approves mining pIans,
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Fecieral (cont.)

Uranium (cont. )

ancl supervises operations conductecl under ill-l ,

uranium and thoriunr leases.

4. Atornic Energy Conunission. Prourulgates and enforces

regulations, ancl licenses uraniunt antl thoriui:r

milling facil-ities at particular sites. (1ir:ritecl

acreages suspectecl to contain minerals frorn rthich

nuclear fuels might be produced have been rvith-

c!.rarvn fronr the public ciomain ancl placeti under

the juriscliction of the AEC for purposes of leasing

uranium and ttrorium).

5. Dureau of Sport Fisheries and t'iri1cllife. Provi<ies

ad.vice and assistance wittr regarci to action llrollosecl-

by the BLl.l to lease uraniuur/thoriu,rl reconur.encls

stipulations to be includecl in such leases.

C. Transportation anri conversion

f. i\tomic Energy Conuuission regulates the transportation

ancl conversion of raclioactive nraterials unless

a state ltas achieved rtagreement status.rr lion-

tana has not.

\,. Ceothernal Gencration

A. Ceneration

1. Bureau of Lancl Irlanagenlent. Conducts geot,herr:la1

stearu lease sales anci issues on the public donlain

antl acquireC lanris, inclucling lands aclrilinistcreil

by t}re Forest Service and lanci,s ailrrinistered
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/-]eo+-irerrnal Generation ( cont. )

by the Forcst Scrvice and lancls t:rat comprise the

\i:iltllife Refuge Systern.

1l . LI.s. Geological survcy. Dvaluates data an<l provicles

aclvice to ill-li regarcling areas proposed for leasingl
regulates operations conducted under BLIrI geothermal

steam leases.

3. Forest service. Iiegulates access roads that 1eacl

across Forest service administerecl. lands to areas

leased for geothermal steam production. The

Forest service reviervs leasing actions proposed

by BLi1.l arncl reconu:rends stipulations to be inclucled

in such leascs. Gcothermal st,ea, oi:erations

on leasccl Forest service lands are regulaterl b1.

tlrc USCS.

4. Ilureau of sport Fisheries ancl 1./ilcllife. provices

aclvice ancl assistance regarcling actions proposed

by lilli to leasc geothermal steaml recommends

stipulations to be includeci in such leases.

,.,tI . IIyCroporv,er
(other than Feclerarl projects)

Federal Porver Conurrission. f ssues l,reliniinary
certificates ancl license-. for construction and

oi:eration of non-Federal hydro projccts on h,ater

or lands subject to Federal juriscl.iction ancl in
so doing, takes into account r,ierits of site.

Irorest Service. Issues perntits for use of Forest

■。

つ

た
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Fecleral ( cont. )

Ilyciroporver ( cont. )

Service lands necessary for construction and

operation of norr-Ilederal hydro-projects.

3. Ilureau of Sport Fisheries ancl r"/iltllife. f'rovitics

arlvisc anC assistancc rvith regartl to 1lro1>osc<l

action by the IPC to certificate non-Fellcral l,yCro

irrojects; reconuten<ls stipulations to bc includc<l

in sucli certificates.
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Xo  CURRENT ENERGY TAXA丁 10N SYSttEM

There are currently a number of taxes levied upon the extractiou,
coaversion, and distribution of oi1, coal and natural gas in Montana:

1. Net proceeds Ianr (oiI, coa1, gas)

2. Resource Indenaity Trust Tax (oi1r coa1, gas)

3. Corporation License (Iacome) fax (oil, coa1, gas)
4. 0i1 producers License Tax

5. CoaI Mine License ?ax

6. Natural Gas Distributors License Tax

7. Oil and Gas Conservation License Ta:r

Other resource extraction taxes: personal property Tax on equipment
and real estate and rRight of Entry,rproperty tax.

The following is aa outline of these ta:res:l
f . Net proceeds Ta:r

A' rnposed on mining, oi1 and gas well operators, aad owners of royalty
interests.

B' Taxes on varuation of annuar net proceeds and royalty interests of
firm.

Itrhe valuation of the net proceeds is basically determined in two steps:
first' to determine net proceeds, then to determine the valuatioa of net
proceeds' Net proceeds is the gross dorlar value of product taken from a
mine minus the cost of extracting and selling that product.,,2 rhese costs
include:

1' A11 royalties due to owners of royal.ty interests. rn the case of oil
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and gas the operators also pay the taxes due from the royalty

owners and deduct these taxes fron their gross royalty payments.

orners of coal royalties pay their royarty taxes directly.
2. ALL mining labor, machineryr and supplies.

,. The costs of inprovements, repairs and betterment of the property

(reclamation).

The valuation of the firmrs net proceeds is whichever is the smaller of:

1. net proceeds averaged over five years or

2. net proceeds averaged for the number of preceeding years that the

mine has been yielcling, and in elther case, years with zero yield

may not be included.

C. Rate: subject to county-wide mi11a6e and state mill levy on

property QOel of assessed value).

D. Distribution to state and county as arI other tax revenue from

property taxation (90 per cent county, IO per cent state).

E. Reference: Title 84, Chap. 5e n.C.U., lr94?.

F. Payment Schedule:

1. Production statements due l,larch J1 yearly.

2. Net proceeds valuations computed and transmitted to assessors

by July 1.

). Tax levies fixed by county commissioners on second Monday in

August.

4. Taxes computed by assessors by September 15.

5. one-ha1f taxes payabre by November Jo and one-haIf payable lby Jr

follorrring.

V



II. Resource Indemnity Trust 'r'ax 2;'i

A. InU)osecl on nonrenewable resource extracting inclustries.

'). T';xes gross (markeci) value of annual ltroduct.

C. Ilate z gZ j 1;lus .5 per cent of gross value of annual product in ex-

cess of $ir0O0.

D. Distributed to resource indemnity trust account for environmental

improveruent.

E. Rcference: Title 84 t Chap . 70 R.C.l,l. , L947 .

Ir. First ycar taxable I L97 3.

G. Pa.-..able by l'larch 31 fo1lor^'ing calendar year proctuction.

III . Qorporation License 'Iax (Incorne Tax)

A. Appliecl to all corporations in l.iontana.

B. Taxes annual net income from business in the state.

C. Ratez 6.75 per cent of annual net income clerivecl in }lontarrd--

nrinimuni $ 50.

I). Distribution:

1. General fund | 64 per cent.

?. Long-range building program: 11 per cent.

3. State school equalization fund | 2 5 per cent.

E. Net inconre is clefined in section 84-1502 li.C.Il., L947 much as clefined

in internal revenue code. .

F. I"Leference: Title E4 r Chap. 1.5 Il.C.lU. , Lg47 .

G. Changes:

1. Il.ate raisecl from 5.25 per cent to 5.5O per cent in L967

session; to 6.25 per cent in 1969 session, and 6.75 per cent

in L97L session.

2. Allocation to ilong-range building program raised to 11 per

cent fronr 5 per cent in L967 session.
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H. Payable on 15th day of 5th month follorving close of taxable year.

IV. Oil Producerts License Tax

A. Imposed on oil proclucers.

LI. Taxes total gross (marlcet) value of net output.

C. itatei 2.1 per cent of total gross value of procluct up to 45O

barrels per producing rvell in the calendar quarter. Itises to 2.65

per cent of total gross value of product in excess of 45O barrels

per producing rvell in the calendar quarter. Output usecl in

connection with production not taxed.

D. Distribution: General Fund.

E. Ref erence: Title 84 r Cbap. 22 R.C.lu. , L947 '

F. ltates changecl f rom 2 1:er cent anC 2 . $ pcrcent to 2 .L per cent in

1969 session. Quarterly filing clate changed in L973 sessiotr.

(,1. I'ayable quarterly rritlrin 60 days of encl of calendar quarter.

V. Striu CoaI l.lines License Tax

A. Imposed on strip mine coal producers.

B. Taxes net physical production by ton'

C. Rates: (cents per ton of coal with the listed heating values pcr

pound. )

l. LZ cents uPr to T,OOO BTU.

2. 22 cents over 7rO0O up to 8ro00 BTU.

3. 34 cents over Br0O0 up to 9rOOo IITU.

4. 4O cents over 9rOO0 BTU.

D. l)istribution: tfiree cents t)cr ton to countS' Gcneral lrun<l, balance

to statc (]eneral Funcl .

E. Ii.efcrence: Title 84 r Chai;. 13 R.C.l\1. , L947 '
F. Payable quarterly within JO days of end of calendar quarter'
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\'1 . liatural Gas l)istributors License Tax
⌒

A. Imposecl. on clistributors, not necessarily proilrccrs, of natural

gas.

lJ. Ta;ies on the volurae of natural gas 1>roduced, rvithin or outside tlre

state, ancl d.istributed to consrrmers in l-,ontana for use within or out-

side ttre state.

C. Ratez .575 per cent per 1r00O cubic feet.

D. Distribution: Ceneral Funcl.

E. l'-eference: Title 84r Chap. 2L ll.C.l'i. t L947.

F. Rate cl:angecl- fror.r one-ha1f cent to current rate in the 1969 session.

C. Payable quarterly within J0 clays of end of calen<lar quarter.

VII. Oi1 an<l Gas Conservation License Tax

A. Il,iposeC on operators and producers of oi1 ancL gas to def ray the

cx^ienses of the oi1 ancl g-as conservation commission.

il. Tar:es tlie ;:roduction of oi1 by barrels ancl gas by cubic f oot.

C . Il.ates:
OIL

■。  On lcases lvith we■ ■s l)roducing fewer than 25 barre■ s l〕cr day,

ui〕 to threc― eighths cents per barre■ 。

2。  On ■eases with lfe■■s producing more than 25 barre■ s per day,

not il10re tilan thrce― fourths cents per barre■ .

NATURAL GAs

1. On gas marl<eted. for less than 1$ cents per 1OO0 cubic feet, not

r.rorc tlian :1 .5 nrills per 1OrO0O cubic feet.
'l . On g;as marketec.l for 1g cents or more per 1OO0 cubic feetr ui)

to j rtill.s per IOrOOO cubic feet.

(Assessments set by oi1 and gas conmission in accordance rvitli

its ovrn neecls. In ad<lition, a variablc fee is chargecl for tlrilling

-;eri:iits c]epcnciing on clcpth of test well or core lrole.)

⌒
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D. Distribution: Earmarked revenue funcl for oi1 anrl gas conscr-

vation conrtission. If commission is rli-ssolvecl , uioney renraining

in this funcl reverts to general fund.

E, Reference: Tj-tle 6O, Chap. 1 R.C.I,l. t 1947 .

F. Tax payable quarterly within J0 clays of encl of calen(lair quarter.

VIII. Personal I'ropert], Tax on Equipnrent ani lieal Estate

A. Taxes olr'rrers of inclustrial equipnrent an.cl real estate.

IJ. liacl:incry, equipllent ancl real cstate asscssecl at zlO per ccnt of

marl<et va1ue. Ttre taxable value is J0 per cent of assesse('value.

C. Ilate hinges on county ancL state rlill levies.

D. Distribution: 90 per cent to thc county and 10 i:cr cent to tlrc

statc.

(r\n important excniption is trner{ inclustrial 1:ro.;ertyr'r r.,'l:icl. is

taxable fol tlre first three )rears of oi;cration only itt i pcr

cent of its asscssc(i value, not 30 ;;cr ccrrt.)

IX. tr8iglrt of Entr.ytr Property Tax

A. Taxes ot.'ncrs of r,lincral wealth for their'rright to cnter lr.nri

for ciigging, 1:rospectirg, or e;:ploration.rl

B. I',ills are leviecl on taxatrle v;:luc, llcrc set ;rt 1Oi.) ,,er cent of

assessed value, which can be the irrice the ol,incr';ra.i.rl for the

land but historically has been 25 to iO cents an screo

C. Distribution: sinrilar to otlrer property tar:es.

It is eviclent tlrat the current tax systenr orn }lontana energy sources is

neither sinrirly clesignerl nor consistcnt anrong tlte tlrree fossil fucls.

Peculiarly, the Natural Gas Distributorrs License Trrx a;r^rlics onl;,'to tratu-

ral gas r+hich is sold anct clistributed to consunlers r..'itliitr l,ontana. It

does not apply to gas proriuccri rvithin the state anci ciistributecl directl-v to

out-of-state crrsto,n""s.4 E:<irorted rratural gas ,;rob;ri:ly slioul-tl lrc ta.:ict'
\-/

like other exporterl fossil f'uc1s.
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Taxes on oi'1, coal and natural gas are paid at different times during

the year' The strip coal Mines License Tax, oil and Gas conservation License
Tax, Natural Gas Distributors License Tax and the OiI producers Lieense Ta:r
aL1 are paid quarterly. fhe Net Proceeds Tax is payable semi-annua1ly and
the Resource Indemnity Trust Tax is paid annuaIIy.

Coal taxes variously are based on €Irosa value (resource indennity),
gross value minus deductibles (net proceeds), and physical production and
BTU content (mines license tax).

oil men pay aet proceeds and resource indemnity taxes, a ta:r based
on gross value of the oil but varying with quarterly production per
well (Producers License Tax)r and a tax based on production but varying
according to daily production rate (oit ana c.as conservation License Tax).

Natural gas producers pay the resource indemnity, net proceeds, and gas
conservation taxes, and a tax based on the varue of the gas they distribute
(oistributorrs Lieense Tax).

Some Difficulties

The Net Proceeds Tax is particularly troublesome and unpredictable among
the statefs energy resource taxes. For this ta:r, a1lowab1e deductions in-
crude reclamation expenses (greatly d.ivergent anong strip mining companies),
royalties' and in some casesr even profits. But for the locar jurisdiction
that levies assessments on the elusive,,net proceedsril the nature of the tax
is its r'rorst failing: unpredictably hingin6; on the earni_ngs, profits, and

costs of what usually is the dominant corporate taxpayer in a jurisdiction, the
proceeds tax cannot be depended on from year to year either by governuent or
the more numerous citizen taxpayers, who unrst adjust their paSrments to compensate
for the irregular successes of the Net proceeds Tax.

The deduction of land reclamation costs, a variabre iten, can substantially
reduce local tax receipts as Table 15 shows:

⌒
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Table I - Peabody Coal Companyin Rosebud County Schoirl District No.

Without Reclamation
Deduction

Taxes
L9 097r)

With Reclanation
Deduction

Taxable Net Proceeds

Taxes Oring

$191,188

fi25J42

In estimating its reclamation costs at $449145/, Peabody CoaI was saying

that reclamation eost $I21JOO an acre during the year. Burlington-Northern

Railroad, which ls trying to reclaim old spoils banks in the same county,

and Western EnerBY, which is attempting concurrent reclamation and mining

nearby, both indicate reclamation costs of about $Zoo an ."r".5
Royalty paynents on coar arso are deductible, and in l9?3 varied from

8.2 cents a toa (raite River Coal Company) to 41.4 cents a ton (Decker Coal

comp"ny).5

lfuch of Montanats strip-mined coal is being sold to parent companies by

a subsidiary division. The 1aw currently allows profits of the subsidiary

to be included anong deductible mining costs for the parent company. This

has the effect of reducing locaJ- tax collections.

The unpredictable size of tax collections under the Net Proceeds Tax also

affects county budgeting officers. The proceeds vary widely arrong operating

mining companies.

Western Energy (owned by Montana Power Conpany), reported a drop in net

proceeds per ton from 82 cents to fB cents in the last five years. Knife

River CoaI Company reported a drop from 91 to 5J cents in net proceeds during

the same periodJ Peabody's r9?3 net proceeds calculation was 9.T cents a tonl
Decker's was $1.54.

fi54o$55

fi85,258
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rn a general sense, the practice of connecting property taxes and

corporate earnings j.s inherently inequitable because individual area tax-
payers wilr see their milr levies rise in unprofitable years. A dry

year with high land recramation costs, for example, a coal company would

get a tax break. Surrounding farmers and rancherg though would suffer
the opposite' Silver Bow County levies responded to the same sort of
pressure in 1952, r96j, r95?t 1958r and 1971 - years when Anaconda company

had deficit earnings.S

Energy resource taxes also may be analyzed in terms of the gro6s value
of the resource or its heating varue. Table rr does this.
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ZZ:tcertainly one of the most important issues in the tax system is
whether the state and loca1 commuaities are receiving adequate to(es, in
both quantity anci. timing of the ta:r receipts, to compensate the people for
the loss of their finite resources and the dismption of their environrnent

and society by impacts of energy d.evelopment.

A serious problem is that local comruuities are burdened with service
demands from i-ncreasing populationE say, by constmction activity, earlier
than property taxes increase to conpensate. Assessments become out-of-date
and distorted, too. The Net Proceeds Ta:< will generate revenue only after
mioing has begun and even then the receipts cannot be predicted accurately.
rn the case of electrical generating facilities s.uch as those at colstrip,
the problems are compounded. because of the 1ocaI dependance on property and

equiprnent ta:ces and a heavy initial popuS-ation infru:r.
Bill Gillin of colstrip sunmed up the Rosebud county tax situation in

his testimony at the Federal coal Leasing Hearings in Billings, Aug. t4, ;1g?4.

Here are excerpts:

The colstrip schools had adequate facirities to ab-sorb the impact caused by the reopening of the mines in1968 uut the influx or plopre siuce tul ueginaing of themine-mouth generating facilities (trere) ir.I ueen-so greatas to overwhelm the colstrip schools. Last year it waseveu necessary to hold classes in the shower rooms and.such important crasses as physics and roreign languages hadto be dropped . . .
My daughlerr a fourth grader in the l9?3_r|4 schoolyear . - - had a total of eight teachers due to splittingclasses, moving from building to building and otherfactors brought oa by the turmoil resur-iinfrrom trregreat infrux of studeats. E:rperienc"" *,"t as this certain-Iy arenrt conductive to good education and is not fair toeither the students such as my daughter or to the childrenof the mining families or the constructioa workers . . .The irony of all this is that the ranchers of thecorstrip district have not onry seen tireir scirool, one ofthe best in Montana, rapidly deteriorate but have seentheir ta:r burden expand witir alarmio! 

""piJity. The
⌒
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genera■  fund budget Of the Co■ strip schools, high sch00■
and e■ enlentary, has gone fro■1 $399,4■ 3.00 in ■973… 74 to
$■ ,045,870。 9■  fOr the ■974-75 sCh00■ yearo  The tOta■
lll■ ■■ ■evy fOr the cO■ strip distr■ ct has ■ncreased fronl
■■4.2 ■li■ ■s in ■972 tO ■34。 64■  mi■■s in ■973 and w主 ■■ be
162.295 fOr 1974 and if the state mi■ ■ ■evy had re―
1llained the same as ■ast year, our illi■ ■ ■evy wOu■ (l be
OVer ■77 mi■ ■s.  The actua■  increase ainounts to over 42
1)er cent in just 2 years.  lVe have been assurcd
and reassured that once a■ ■ this deve■ op■lent is done
a■ 1 0ur tax worries lゞ i■ ■ be over, but each year they
becOme more serious。   One of 卜lontana Power:s Officia■ s
assured us that by ■978 we wi■ ■ be ab■ e to bui■ d a
gO■ d p■ ated scl)oo■ .  By that time nly youngest daughter
wi■ ■ be through the eighth grade and if her experiences
continue as they were ■ast year it wi■ ■ take ■luch more
than a gO■ d p■ated schoo■  to conlpcnsate for wllat she has
■ost in the turmoi■ 。

The pronlises of 卜lontana Power:s officia■ s concerning
the taxab■ e va■uation is becoming ever hardcr to be■ ieve
when cOnlpared with the tax records of Rosebud County.
Last year the increase va■ uation of catt■ e in Rosebu(1
County set by the Department of Revcnuc actua■ ■y excce(lc(1

the increasc taxable valuation Of a■ ■ thc coa■  develop―
■lent ill the Co■ stril)area.  This year the Department of
Revenue increased the va■ uation of catt■ o 30 1〕Cr ccnt
and it near■ y again exceeded the increase taxab■ e
va■uation of a■ ■ the coa■  deve■oplilent in thc Co■ st rttil

area。   Other increases ttn taxab■ e va■uation in tlle coLlnt)7
far cxceedeご  that of the Co■ st ril)development o  The tota■
■ncrease ■n taxab■e va■uatiOn ■n Rosebud County increased
frOm $20,■ 8■ ,496 in ■973 tO S26,650,000 for ■9740  0f
this taxab■e va■uation increase of $6,468,504。 00 the
Co■ strip deve■ or)nlent contributcd on■ y S■ ,688,545 0r a
tOta■  of 26 per cento  Thcse figures are incredible
lィhen one consiciers that these deve■ opnlents arc thc
■argest industria■  investments in llontana, tlゞ o p■ ants
are under construction and one is to be producing in 1975.
The investnlent in thesc two p■ ants is supposc to exceed
S■ 80 1lli■■■on yet they have on■ y a(lded $■ ,688,54S tO
Rosebu(l Countyts tax basc this year.

rhc illllDact they have causcd i_s dcvastating to sc1lools,
rOa(ls, 1(11■ cllfOrCClllcnt, an(l r(Pcrcationa■  facilities i_n
our county.  FOr an exanll)■ e oll roa(ls, 1lontana 3■ 5 bett、・c c ll

COlstrip antl lnterstatc 94 Carlヽ ie(l an avcrage ■oad of
50 Vehic■ es and the Statc llighl■ ay Dcpartillent ^〕 rojectctl a
tota1 0f 2,500 Vel■ ic■es a(lay by this sulll■ le r an(1 工

'lll

surc it has reached or cxceeded it by nolヾ 。  l'Fc ilave llaご  a
near■y four― fo■d increase ■n the ■aw enforccnlent bu〔iget

ill Iと oscbud County in tl.7o ycars, the recreatttonal faci■ ities
arc inadequate for such ttncrcased Population, 1lr. Li「 pert,
Oul' area sanitarian, has warnctl of scrious llea■ th hazar(ls
bccause of tlle l)ro■ ifcration of trai■ er courts an(1
11ladcquatc scwaご c, faci■ itieso  Tllc Ci_t,y of「 orsyth is

―■3-



23ifacing very ser ious problems in both sewage disposal and
water systems. Both Forsyth ancl Rosebud are erperiencing
rapid increases in school enrollment.

Under the present laws in the state of Montana sma11
rural comnunities srrch as colstrip was prior to the recent
coar d.evelopment are goin6 to be destroyed by the impact
of coal developnent. present laws make it possible for
the coal development companies to shift the tax burdens oftheir impacb on the farmers and ranchers iu the area being
developed. Not only will these older residents be forcedto accept a deterioration of roads, schools, raw enforce-
ment, recreational facilities, enviroanent and life style but
they will be subjected to unbearable ta:r loads to provide
sociar services for the employees of the coal deveiop""r.
This is exactly what has happened in the corstrip arla anaif the hard lessoas to be learned there are not heeded, everysnalI rural corununity where this type of development o""ruwill suffer the same fate . . .

Taxes on Montana energy resources should achieve these goals:

1. Tax as equitably as is feasible for gross varue and energy value.

2. Simplify tar administration.

3. Create a more stable and predictable ta:< f1ow.

4. rntro<luce flexibility to help 1ocaI jurisdictions, where fuels areextracted.

5. Encourage recovery

6. Internalize social
developmentr

New Tax Structures

efficiency.

and environnental costs associated with energy

An alternative tax systen for energy reaources should first be simple and

administratively streamlined. Proposed tzures should be equitable amoug the
fossil fuers as far as conservatioa goaIs, extraction efficiency and social
and environmental externalities are similar between the three fuers. This,
however, is not the case- Neither market value nor energy content is a com-

plete measure; market and energy values are not directly interchangeable.

one p::oposal might be to combine all the separate taxes into one or two

taxes, perhaps retaining the Corporate License Tax and Property and Vehicle
Taxes in their present form- The taxes woulrl be payable annually or semi-aanuarry.
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The most equitable solution might be to levy a tax on both the BTU content

and the g?oss value of the fuel at the well or mine. Table IIf shorvs hor,r

this system would have affected Montanars 197J fossil fuel tax receipts \/

given the proposed BTU and gross value tax rates.
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TABLE III

A. Tax per Million BTUrs

l-973
Product ion

in
BTU's

(Tritlions )

oil 2OOr4oo

Coal 192rB0O

Gas 5trzoo

B.  Tax Per $1。 Oo Of Gross

197う

Value

⌒

ProductiOn
■n

Gross
Va■ue

S127,795,■ 51。

$う0,218,462。

3129117,84o。

Co  1973
Revenue
(Actual)

Oil  S12,4ぅ 4,812。

COa■  $う ,660,584。

Gas     s4o4,49ぅ
.

1。 多¢

1.3¢

■。3¢

Tax

■973
Revenue

$12,8259812.

$5,226,o62。

3■ ,64ぅ ,849。

(PrOpOsed)

1973
Revenue

$2,5O5,2OO.

$2rro5,4oo.

fi795,6@.

1973
Revenue

$10,22ぅ ,612。

32,7199662.

3848,249。

Difference

$ラ94,ooo。

$19565,478。

31,239,356。
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The tax levy on BTU production anong the three fuels is equal as BTU con-

tent is inherent in the fuer in its naturar state. The levy as a percentage \/
of gross value fluctuates slightly among the three due to the differences in
recovery efficiencies and the social and environmental impacts resurting from

the extraction phase- That fueL, coal, with the lowest recdvery efficiency
and greatest amount of detrimental externalities is taxed the heaviest in order
to provide more revenues available for mitigating the externalj.ties and en-

courage the usage of more efficient recovery techniques.

The Resource Ind.emnity Trust Tax of one-ha1f per cent of the gross val-ue

could be included in the gross value tax and stiIl be earnarked.

There will be a loss of the local share of the Net proceeds tax und.er

this proposal. There must be a portion of the state energy tax receipts
returned to the counties and school districts in which developnent is taking
place, perhaps a flat per ceat of either tax or of the totaI, or proportions

of various levels of receipts. The legislature couLd adjust this payment to
match the needs of counties and schooLs.

Alternative solutions would be to al1ow counties and school districts to
estinate future property tax valuations up to three years in advance and

require prepaid corporate taxes. Receipts for these ad.vaace tax payments

could be turned over in lieu of cash as taxeo come due. or, a special 'rimpact
taxrr could be levied against iudustrial developments, based upon their pro-
jected capital investnent or employment. These types of taxes would have to
be authorized by the state.

At minirum coal compaaies should not be allowed to qualify for class 7

property tax status and a three-year tax break on new industrial property.
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